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Abstract 

The geographic distributions of Arabis mcdonaldiana, Eriogonum kelloqgii, 
sedum laxum ssp. eastwoodiae and Silene campanulata were mapped and a total of 
thirty-seven new localities were recorded for these taxa in the enity of 
Red Mountain. In addition, a more indepth study of the population dynamics of 
Arabis mcdonaldiana was undertaken, with a series of thirty 2 Square meter 
permanent plots located at random within the Red Mountain Study Area. Arabis 
was observed to maintain relatively stable mean population densities and 
canopy coverage values over the three years of the study, and artificial 
crossing and bagging experiments determined it to be a self compatible 
facultative outcrosser, with two species of bumble bee (Bombus caliginosus and 
B. edwardsii) the principal pollinating agents. Although silique predation 
by rodents and other animals may be periodically significant, Arabis' 
relatively long-life appears to buffer the species against short term lapses 
in reproductive effectiveness. All observations indicate that Arabis 
mcdonaldiana is restricted to Huse Soils and appears to share habitat 
requirements with Eriogonum kelloggii and Ceanothus pumilus. The continued 
survival of Arabis mcdonaldiana, as well as that of the other three species of 
geographically restricted plants requires the reclassification of the Red 
Mountain Area as critical habitat essential for the long term maintenance of 


these species populations. 
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Introduction 
Negotiated Solicitation No. YA551-RFP4-340009 provided for a study of the 


geographic distribution of rare plants on Red Mountain and adjacent federal 


lands as well as a study of the population—dynamics-and-1ife—cycle—of—one-of ———_— 


these endemic taxa, Arabis mcdonaldiana Eastwood, a species currently listed 





as endangered by both the U.S. government and the State of California. 
Recently, existing plans of mining interests to develop and exploit the 
mineral resources on Red Mountain have stimulated interest in the ecology of 
McDonald's Rock-cress as well as the other sensitive plant species similarly 
restricted in their distribution to Red Mountain. Specifically, the Recovery 
Plan for McDonald's Rock-cress (U.S. Fish and Wildlife Service 1984) 
stipulates that in order to protect the rock-cress population from mining and 
other deleterious impacts, essential habitat must be identified and research 
conducted on the species' life history requirements in order to determine 
criteria fone te eventual delisting as 2 endangered eoeeieat In accordance 
with the Recovery plan, a three year study of this species was initiated in 
1984 designed to estimate the following population parameters: 


1) The geographic distribution of Arabis mcdonaldiana as well as those 





of Eriogonum kelloggii, Sedum laxum ssp. eastwoodiae, and Silene 
campanulata ssp. campanulata on public lands within the Red Mountain 
Study Area. 

2) Spatial and temporal variations in Arabis population density 
observed over a three year period. 

3) A description of the essential life history stages of Arabis and an 
analysis of stage specific limiting factcrs critical to the survival 


eal] 


of the species. 
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4) A determination of the species’ habitat requirements. 

Based upon these data, specific habitat management recommendations were 
developed and designed to insure the continued survival of McDonald's Rock- 
cress on Red Mountain. The following is a draft final report of this study. 

The geology and vegetation of Red Mountain have been described elsewhere 
(U.S. Fish and Wildlife Service 1984; Goforth 1982; Knight, W. and Knight, I. 
1971) and the taxonomy of Arabis mcdonaldiana has been summarized by Rollins 
(1973). The taxonomic uniqueness of the Red Mountain Arabis populations as 
compared with Pecenttyadiscovered populations in Del Norte County, California, 
and adjacent Curry County, Oregon, is a subject of much interest to those 
concerned with managing federal lands and interpreting laws designed to 
protect sensitive: plant species. However, the focus of this study was more 
narrowly ecological and will Ifkely be of only marginal assistance to those 
concerned with” unravelling the problems of divergence and putative 


reproductive isolation existing: between populations of purple-flowered Arabis. 


The seegragite Distribution of Sensitive 
axa on Red Mountain 

An essential first step prior to developing a management plan for the Red 
Mountain Study Area is the accurate mapping of the ranges of sensitive taxa 
within this Pact on During the three years of this study, federally 
administered lands within the Red Mountain. Study Area including Little Red 
Mountain to the west were systematically traversed on foot using transects 
spaced at 100 foot intervals to determine the locations of previously 
unrecorded populations of the four sensitive taxa. Localities described by 
earlier workers were revisited as well, and the geographic position of each 


population was recorded on U.S.G.S. 7-1/2 minute topographic maps. Thirty- 
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3 
seven previously unmapped populations of sensitive taxa were added to the 
original twenty-five known localities within the Study Area (see Figures 1-4 
for the locations of these populations). Although several previously 
undocumented populations of each taxon were found, the total ranges of these 
four taxa on the_mountain remain archipelagoes of disjunct clusters of 
individuals separated by relatively broad—intervening-stretches—of—seemingly 
Beeinieele habitat. 

Although the main thrust of this project was a study of Arabis 
medonaldiana, an examination of the range maps reveals that Silene campanulata 
ssp. campanulata and Sedum laxum ssp. eastwoodiae are considerably more 
restricted in their distributions and are known from far fewer populations 
than the target species of this study. During the section of this report 
dealing with specific habitat management recommendations these points will be 


more thoroughly discussed. 


\ 
Spatial and Temporal Variations in the Density and 
Coverage of rabid mcodonaldjana on Red Mountain 


Estimations of changes in population density over time 

As each population of Arabis was located, it was mapped and assigned a 
number, and a rough count of all individuals/population was made. Initially a 
total count of individuals of all ages was attempted, but it soon became 
apparent that most populations, in addition to reproductive individuals, were 
represented by large cohorts of immature and/or nonflowering plants which were 
too numerous to count. Temporarily ignoring nonreproductive individuals, a 
total census of fruiting individuals was conducted, and these primary 


population density estimates were used to plan a distribution of permanent 


sample plots so that the resulting survey would proportionately reflect the 
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7 8 
full range of species density as well as habitat diversity. For example, Area 
9, a protected saddle to the north of Red Mountain Baldy included more than 
half of all Arabis individuals encountered on Red Mountain and thus received 
slightly more than half (17) of the permanent study pipes Within each 
population locale plot locations were selected randomly. The presence of 

-__. -_—Arabis in each plot was the only selection criteria utilized. Thirty 5 mé@ 
permanent plots were distributed within the Red Mountain Study Area (see Table 
1), their locations reflecting the relative density of Arabis throughout the 
site. Each plot was marked with two cast iron corner stakes painted with the 
number of the plot and placed at opposite corners. These stakes were driven 
into the rocky soil or wedged between rocks and provided a permanent support 
for the flexible quadrat grid placed over the plot in the same position at 
each sample period. As each plot was located, a baseline data sheet was 
prepared. on-821/2 x 11 inch graph paper, the position and relative size of 


each Arabis plant occurring in ‘the plot was mapped and each plant classified 





using a modified form of the Rabotnov Age classification (Rabotnov, T. A. 

1969). A total of four reproductive-age classes were found to be of utility 

during this survey: seedlings, nonreproductive but healthy vegetative plants, 
reproductive plants (flowering and fruiting that year) and senescent or 
deteriorating individuals appearing close to death. As size of rosettes was 
observed to both decrease as well as increase with age and mature plants did 

not reproduce every year, a strict application of the Rabotnov classification 
.. proved cumbersome. Ouring the early stages of this study, a classification 
System based on reproductive stage was the only meaningful approach to assess 


| the status of a population of overlapping generations consisting of nonageable. 
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individuals (Harper 1977). As the study progressed, however, it became 











9 
possible to monitor seedlings’ beginning growth at a particular period and at 


that point in time more accurate population age structure data began to 


emerge. 


Table 1 


Locations of Thirty-Five Square Meter Permanent 
Plots Containing Arabis mcdonaldiana* 





Plot Numbers Study Area Study Area Location 


a ee ae a 


Plots 1-17 Area 9 NWESE%, Sec. 19, T. 24.N., R. 16 W. 
Plot 18 Area 9A SWENE%, Sec. 19, T. 24.N., R. 16 W. 
Plots 19-23 Area 15 NWANEX, Sec. 19, T. 24.N., R. 16 W. 
Plot 24 Area 15A SW4SE%, Sec. 18, T. 24.N., R. 16 W. 
Plot 25 _- Aréa 11 NEXSWi, Sec. 19, T. 24.N., R. 16 W. 
Plot 26-30 § “Area 10 NWSE, Sec. 19, T. 24.N., R. 16 W. 


} 


. Sees mPa Beta “Netght ‘of Wich bar graph is praporciahets we Wie anak ts” 


* see Figure 9 for Map of Study Area Locations 


In addition to Arabis, the location and relative sizes of associated 
plant species occurring on the plots were also mapped so that inter- as well 
as intraspecific interactions could be observed over time. Although time 


constraints allowed for only a Single set of observations to be obtained from 


the permanent plots during the first field season (1984), two sets of data 


were collected annually in 1985 and 1986 for a total of five complete sets of 
data gathered from the 30 permanent plots (data collection dates were June 4 
and July 20 each year). Data collection periods were spaced to reflect in 


June: seed germination success following winter and spring rains and the end 


10 
of anthesis and fruit set, and in July: the relative success of fruit 
maturation and the survival of new seedlings following the first months of 
warm summer weather. 

One direct benefit from the permanent plot data is that they yield a 
stratified random estimate of Arabis population density at six different 
locations within the Red Mountain Study Area. Each of these six localities 


share an exposure to full sun and a relatively low density of plant biomass. 





At one site (Area 9), the zone of highest Arabis density (Figure 9), the 
habitat, although still relatively open, 1 closing rapidly as shrubs and 
trees invade a previous burn site. The remaining sample sites appear to be 
more or less permanently barren of vegetation due to unstable soil conditions 
or exposed bedrock. 


Figures 5-8 depict the average population density of Arabis mcdonaldiana 


observed on _the’ six areas during the three consecutive midsummer sampling — 


periods. The total height of ‘each bar graph is proportionate to the Arabis 
density at each site and time period. Each bar has been dissected and offset 
to reflect the mean numbers of individuals belonging to each of the four 
reproductive classes. 

Over the three year period of this study, it became apparent that plants 
growing in Area 9, a protected valley and the site of a past burn (40-50 years 
ago as indicated by the ages of larger knobcone pine at this location) are 
maintaining a mean population density two to three times higher than at the 
remaining five areas sampled. The reproductive and nonreproductive age 
classes together are increasing in total numbers and, as individuals may move 
back and forth between these two categories ove time, these groups of plants 


are best considered together when viewing the pattern of changing density in a 
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Mean Numbers of Plants per Reproductive Class 


Figure 6 
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Mean numbers of 
Arabis mcdonaldiana 
in each of Four Reproductive Classes per 


Square Meter Sampling Areas 9A and 15A 
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a - 
1984 1985 1986 


Area 15A-NU174 NEI/4 sec. 19,T.24N.,R.16U. 
Horth-focing scree slope 


Reproduct ive 


Gl Nonreproduct ive 
Seed | ing 






1984 1985 1986 


Area 9A-SUI/4 NEI74,sec. 19, T.24N.,R.16U. 
West -facing ridge over Area 9 


Height of each histogram is proportional to 


totol density of population. 


t-2 
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Mean Numbers of Plonts per Reproductive Class 


LUE. 


Mean numbers of 
Arabts mcdonaldiana 


Plants in each of Four Reproductive Classes per 


five square meter plot sampling areas 16 and 11 
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1984 1985 1986 


Area 11-1E174 SUI/4,sec. 19,T.24N,R. 16 
west and north-facing scree slopes 





1984 1985 1986 


Area 10-NU174 SE174,sec. 19,T.24N,R.16U 
bedrock crest of Red Mountain Baldy 
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Arabis mcdonaldiana 
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Height of each histogram is proportional 
toto] densitu of population 





1984 1985 1986 


Area 19-NUI/4 HEI4,sec. 19,T.24N.,R.16U 
Northwest-facing hog back ridge 


T-test indicated no significant 
difference between reproductive Confidence limits of mean(d=.05) 
classes for various years indicated to the left of each histogram 
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15 
particular population. Area 9 plants have also been relatively more 
successful in producing new seedlings each of the three years of the study, 
and these facts considered together indicate relatively healthy prespects for 
the Area 9 population--at least in the short term. This population remains, 
however, something of an enigma as it appears to be flourishing in the face of 
rather dramatic successional changes in its habitat. The open, gentle, rocky 
slopes observed in 1984 had by 1986 noticeably closed in with the rapid growth 
of Arctostaphylos canescens, Ceanothus pumilus, Pinus lambertiana and Quercus 
vaccinifolia. The permanent plots reflect this influx of woody vegetation as 
well, but at best Arabis appears to be holding its own. Although seemingly 
requiring mineral soil for successful germination, once established, a certain 
amount of shrub cover appears to increase the reproductive success (as 
measured by silique production) of those Arabis individuals monitored within 
the plots. The accumulating organic matter and partial protection from 
herbivore predators afforded by the shrubs, particularly between the 
procumbent branches of Ceanothus pumilus, appear to provide mature Arabis 
plants with a degree of buffering from extreme environmental conditions. 

However, the growth of shaded individuals in the permanent plots appears 
to be less than that of full sun plants (Figure 10) and in contrast to the 
gradual increase in size experienced by these plants provided with full sun, 
the crowded or shaded individuals appear on the average to be decreasing their 
overall canopy cover. The length of this study has provided too few data 
points to define significant trends but the rate of growth particularly in 
1986 appears to be decidedly lower within areas of increasing shrub cover. It 
remains to be seen, however, what long term success this population will have 


at Area 9. In the absence of fire, acting to reopen the site and remove 
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Figure 18 
Short Term Effects of Increasing Interspecific 
Competition on the Rate of Growth of 
Arabis mcdonaldiana 
ateAred. 9 = Burn Site 
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2.0 Histogram Legend 


a - "full sun" 


b - shaded by Ceanothus 


ee 


fs pumilus 
Cc - surrounded by Eriogonum 
Kelloggii 


d - shaded by Pinus attenuatus 
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e - shaded by Arctostaphylos 


canescens 


f - shaded by Quercus 


vaccinifolia 
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competing woody vegetation, Arabis' future here is problematic at best. A 
similar site located on private land at the northeastern end of Red Mountain 
SW1/4 SW1/4 of sec. 17, T.24N., R.16W.) appears to have experienced a marked 
drop in density of Arabis during the period of this study. 

The density of Arabis populations elsewhere on Red Mountain average 
approximately one third to one fourth that of the Area 9 population and in 
general occupy habitats that appear to be more stable with respect to the 
composition and density of competing vegetation (Figures 6-8). Arabis on 
these sites appears to have traded instability mediated by successional 
processes for physical habitat instability, occupying at these locations rock 
crevices on steep, actively eroding slopes or bed rock balds on the wind swept 
crests of ridges and mountain tops. Within these habitats seedling success 
appears to be extremely variable, and it is not unusual for seedlings to be 
entirely missing from some years' reproductive class data. It should be 
mentioned here that the task of locating all seedlings in each plot proved 
extremely difficult and in several cases a plant's presence in a crevice or 
under the shade of a rock was not noticed until its second year of growth. 
This census problem with the first year's age class is the reason that in some 
cases the numbers of mature individuals recorded in some plots in 1985 total 
more than the counted seedlings plus adults in 1984. In general, an 
application of greater diligence in the hunting of seedlings in 1985 and 1986 
largely corrected this problem. Figure 11 plots the relative percent of 
Arabis in each reproductive class. Relative patterns of reproductive class 
distribution may then be compared more easily habitat by habitat. Areas 9A 
and 11 can be seen to have the least seedling establishment success propor- 


tionate to their overall densities. In contrast Areas 9, 10 and 15 were able 


Figure 11A 
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(average values are plotted by study area) 
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Figure 11B 
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21 
to establish some seed] ings each of the three years of the study. One overal] 


generalization can be made regarding the density of Arabis within the Red 





Mountain Study Area. With the exception of the single plot at Area 11, all 


areas exhibited an increase in Arabis density from 1984 to 1985 and an 





approximately equal decrease in density from 1985 to 1986. This density 
decrease was caused by an increased rate of loss of mature and senescent- 
plants from most plots together with a diminished reproductive success. 
Examining precipitation patterns for 1983-86 recorded at Standish-Hickey State 
Recreation Area, 5 miles southwest of Red Mountain and 3500 feet lower jin 
elevation may partially explain this decrease (Figure 12). Although these 
data likely underestimate precipitation received by the Study Area, Red 
Mountain appears to have received one third less moisture during the winter 
months preceding the 1985 growing season as compared with 1984 as well as an 
unusua] distribution ‘of precipitation in the winter of 1985-86; the majority 
of rain falling in February preceded by a relatively dry early winter 
(October-January). Low precipitation in the 1984-85 period may have decreased 
the ability of seedlings and some adults to weather the dry early winter of 
1985-86. Heavy rains in February; 1986 may have been less available for plant 
growth during the following spring if increased runoff allowed little to be 
stored. Although conjectural, the above factors may have contributed to the 


increased Arabis mortality detected in 1986. 





As alluded to earlier, permanent plot studies when maintained for 
extended periods of time not only provide the observer with density and 
reproductive classification data, but eventually as time passes and the fate 
of each plant on the plot is recorded, the investigator is provided with an 


opportunity to follow even-aged cohorts of individuals through time and obtain 
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information on the relative reproductive contribution and survivorship of 


overlapping generations of plants. As the real age of individuals in the 


population becomes known, changes in the genetic composition of the population 


can be assessed, j.e., are newly arrived seedlings rapidly replacing the 
residual population or are a few old individuals waxing and waning with little 
seedling recruitment (Harper 1977). 

The ability to follow the history of even-aged groups of individuals 
provides the plant ecologist with the aac accurate information on the 
relative survivorship of age classes over time. Even if an individual Arabis 
was somehow ageable by observation, an age structure analysis of an Arabis 
population at any one point in time would not provide an accurate reflection 
of the population's dynamic behavior (Linkola 1935). Deriving relative 
survivorship information (ly curves etc.) from data of this kind suffers from 
the assumption that “the population has Sr Rerdannes an unchanging environment 
throughout the lives of all members of the population. Climatic as well as 
vegetational changes in some habitats over the past three years on Red 
Mountain indicate an environment that is anything but stable. In the case of 
Tong lived perennials such as Arabis, a census over many years may be 
necessary before any real trends emerge allowing the worker to predict the 
dynamic future of the population. The permanent plot study is the only source 
of this invaluable type of information, so critical for the development of 
management plans. Remarkably enough, long term studies of the population 
dynamics of herbaceous perennials (such as Arabis) are relatively scarce. The 
Classic studies of C. 0. Tamm (1948, 1956a, 1956b, 1972a, 1972b) monitoring 
herb populations in—Swedish meadows and forests over the past 35 years are 


unique in their exhaustive detail and duration. Harper and his students’ 
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studies of herbaceous plant interactions over time in Great Britain (Harper 
and Sazar 1953, Sarukhan and Harper 1973). have contributed much to our basic 
understanding of plant population dynamics. All studies to date, however, 
have been conducted on plant species that suffer their greatest mortality via 
interactions with other plants of the same or different species, intense intra 
: and inter specific competition have been the principle factors responsible for 
shaping the population's age distribution. No published long term studies 
have been carried out on herbaceous perennials living in unstable physical 
environments such as the talus slopes of xeric windswept balds of Red 
Mountain. Placed in this perspective, the permanent plot studies on Red 
Mountain represent an opportunity to contribute in a unique way to our 
understanding of plant population dynamics. Three years of data are sparse, 
but Figure 13A and B represent arithmetic and log plots of the survivorship of 
the 1984 Arabis seed] ing crop exposed to three different environments: (1) a 
recovering burn (Area 9), (2) exposed crevices in bedrock (Area 10) and (3) 
steep, unstable, talus slopes (Area 15). The genetic constitution of each of 
these populations is likely different, although Goforth (1982) may wish to 
challenge this contention. Over time with permanent plot data, it is possible 
to trace the relative probabjlity of survival of seedlings exposed to 
different environments. One could determine if the relative survivorship of 
seedlings experiencing competition for light and moisture in Area 9 was 


significantly different from that of Arabis populations in more exposed sites. 





When data from Area 9 are converted to log values, the three points suggest a 
straight line inferring a constant rate of death and no greater probability of 
loss-as a first year plant than as a second year plant. A constant risk of 


death does not mean that equal numbers die each year from each age group but 
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rather that equal proportions are lost. ’ Obviously as pointed out earlier, for 
: — 

long lived perennials such as Arabis, more years' data are needed to discern a 


significant trend. 


Estimations of canopy coverage 


In addition to allowing for the measurement of fluctuations in density, 
permanent plots also provide an opportunity to monitor changes in the canopy 
coverage of Arabis within and between sampling sites. Figure 14 shows the 


mean canopy coverage of Arabis in each of the six sample areas for each of the 





three years of the study. 

In general, fluctuations in canopy cover reflect changes in the average 
size of Arabis plants as well as incremental increases or decreases in numbers 
of individuals per plot. Increases in canopy cover are indicative not only of 
increases in the number of genets (new genetically ave individuals), ‘but 
also in the rae of ramets yeectasy genetically identical and potentially 
able to reproduce fidependantty of the mother plant. As density counts 
largely census numbers of genets, the canopy cover values give a more complete 
impression of the changes in energy flow through the Arabis population. 
Fluctuations in reproductive success apparent from observing changes in the 
density data are not necessarily reflected in the coverage values. In fact no 
clear pattern of canopy coverage increase or decrease emerges when all sample 
areas are considered together. The single plot of Area 9A located on a 
bedrock bald above Area 9 showed a progressive increase in canopy coverage 
over time from 472 to 641 cm2. At this site, growth is concentrated in only 5 
plants. In contrast, Area 15 (5 plots), Area 15A (1 plot) and Area 10 (5 
plots), all exposed ridge top localities with relatively low densities showed 


@ gradual decrease in the canopy coverage per plot. At Area 9, the area 
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Three Year Pottern of Mean Canopy Coverage 


Values by Area-July 1984-1926 
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Figure 14 


FluctuaLions in Mean Canopy Coverage of 
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FIGURE 15 


Fluctuations in Canopy Coverage Values of 
Arabis mcdonaldiana 
over a three year period as observed in five square meter 
permanent plots. Area G:plots 1-9 
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sampled with the greatest intensity (17 plots) and possessing the highest 
Arabis densities, canopy coverage values showed neither an obviously 
increasing or decreasing trance the small variations seen in annual values 
falling well within fluctuations expected by chance alone. In general the 
coverage data, representing the most accurate reflection of the overall health 
of Arabis on Red Mountain, provide within the three years of this study no 
indication or trend toward rapid expansion or contraction of Arabis population 
biomass. However, rather than painting a picture of long term population 
stability, the eeuerace data serve most effectively to emphasize the need to 
accumulate more than three years of data before specified trends in Arabis 
population dynamics may he discerned. Figures 15, 16 and 17 show the plot by 
plot fluctuations in canopy coverage values for each of the thirty permanent 
plots. The wide variance in coverage values within and between plots is: 
immediately apparent. Typically Arabis occupies no more than one one- 
hundredth of the space available to it in any one plot, an expression of its 
relative competitive ability in habitats with harsh biotic as well as physical 


environments. 


Reproductive Biology of Arabis mcdonaldiana 


Although the densities and coverage of Arabis mcdonaldiana populations on 





Red Mountain appear to be exhibiting reasonable stability in the short term, 


one's skill in managing Arabis as well as other highly localized species is 





greatly enhanced if the reproductive biology of the species is more thoroughly 
understood. As a contribution to this body of knowledge, the reproductive 
cycle including anthesis, pollination ecology, breeding system, silique 
maturation and reateee germination success were explored over a variety of 


habitats. Anthesis in Arabis mcdonaldiana begins as early as mid February and 


* ecm em a Nr em a em rel ae tee t—“‘“‘“—:—:—‘CC#ee re ee tt—s es === — = 


FIGURE 16 
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Figure 17A 
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33 
may extend into late June. Flowers are protandrous, the stamens maturing 
before the stigmatic lobes. The petals and sepals are erect to reflexed 
allowing for easy accessibility and the flowers appear to possess no 
specialized structures selecting for specific insect pollinators. Following 
dehiscence of the anthers and the shedding of pollen, the style elongates 
after one or two days and pushes its way up and between the stamens. Unlike 


other species of the Pacific Coast Group of purple-flowered Arabis, (Vorobik 





1985) A. mcdonaldiana appears to be highly self compatible. Ten plants within 





Area 9 were tented with screened enclosures during much of the 1985 field 
season, effectively excluding all insect visitors. Prior to screening, open 
flowers were removed. In July of that year, 310 Siliques with a total of 2464 
seed were harvested from these tested plants. The seed, averaging 
7.95/silique, were planted on greenhouse soil and after 3 months, a total of 
2090 seed fade cerminatad for an 85 percent success rate. These results 
contrast with those of Vorobik (1985), working in southern Oregon with field 
populations of A. aculeata, A. modesta and A. oregana in which all taxa were 
demonstrated to be self incompatible. It is possible that A. mcdonaldiana 
populations on Red Mountain are genetically polymorphic for this trait as an 
initial bagging of a roadside population in 1984 yielded no viable seed. The 
roadside population located on private land was made up of giant Arabis (over 
5 dm tall) growing in moist talus. This population shares the diagnostic seed 
and pubescence characteristics of the rest of the Red Mountain Arabis 
assemblage, but its large size definitely expands the range of leaf size and 
plant height in the current species description (Rollins 1973). These 
observations are obviously too fragmentary to allow citca ee poe to be drawn 


regarding the existence of genetic variability at the level of the control of 





aE —— —E— etl eel ll ————— eee aed Se se ee > RE eS. 





34 
JIS 
compatibility, but they do point to the existence of considerable phenotypic 


variability within the Red Mountain Arabis population that may or may not be 





genetically controlled. 

Although Arabis flowers appear early in the spring and are frequently 
Saturated with rain or covered by late snows as witnessed during visits in 
February and March, 1985 and 1986, flowers receive frequent insect visitors 
during clear weather. A total of 112 hours were spent observing Arabis 


mcdonaldiana flowers and recording insect visitors. Table 2 summarizes these 





observations. 


Table 2 


Insect Visitors to the Flowers 
of Arabis mcdonaldiana 





Location: Area 9 Area 10 Area 15 
; 60 hours - March 38 hours - March 14 hours - April 
April, May April, May May 

Syrphidae 8 2 1 
Bombylius species 4 1 3 
Apis melifera 6 2 Z 
Bombus caliginosus 24 17 8 
B. edwardsii 20 13 4 
Pieridae 2 1 UES 


sss issn 


Bee species were identified by Wasbauer at the California Department of 
Food and Agriculture in Sacramento. In general all insect visitors appeared 


to be capable of pollinating Arabis flowers. Most appeared primarily to be 
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collecting pollen and as stigma and anthers are readily profferred in the 
mature flower, successful transfer of pollen from anthers in the same flower 


or from adjacent flowers in the relatively congested Arabis inflorescence to 





the receptive stigmas appeared highly probable. The most frequent flower 
visitors were bumble bees of the genus Bombus which moved freely between 
Arabis and the pinkish-white inflorescenes of Arctostaphylos canescens, in 


flower throughout the period of Arabis anthesis. Both species of bumble bees 





encountered pollinating Arabis flowers are tree nesters or ground dwellers, 
building their nests in abandoned rodent burrows, hollow trees, bird nests or 
brush piles. One such nest in a rodent burrow was encountered adjacent to 
Area 9 and appeared to contain from 50 to 100 individuals. Each of these bee 
taxa are widespread in the coast ranges of California, B. edwardsii occurring 


in the Sierras, southern California and the Great Basin as well (Figure 18). 





Both taxa are active throughout the flowering period of Arabis mcdonaldiana 
(Thorp. et al. 1983). yes: visitors in general appeared to restrict 
themselves to the tops of individual Arabis flowers gathering pollen, only 
infrequently penetrating to the base of the developing silique. Nectar 
production does not appear to be a significant attractant for insect 


pollinators and insufficient nectar was observed to test for variation in 


nectar quality or periodicity in mono and disaccharide production. 


Impact of Predation on Reproductive Potential 


In addition to the insect pollinators treated in the previous section, 


other animal species appear to have an impact on Arabis' reproduction success. 





According to Goforth (1982), predation on Arabis by native animals occurs at 
Red Mountain. R. Sutherland (U.S. Fish & Wildlife Service 1984) has observed 


that well over half of all plants on Red Mountain lose their fruiting stems in 
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Figure 19A 


Reproductive Success of 
Arabis mcdonaldiana 
in Permanent Plots 1-3 as Measured by 511] iques 
Produced and Surviving to Maturity 
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Shaded portion of column denotes siliques escaping predation. 
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Figure 198 


Reproductive Success of 

Arabis mcdonaldiana 

in Permanent Plots 4-6 as Measured by Siliques 
Produced ond Surviving to Maturity 
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Figure 19C 


Reproductive Success of 
Arabis mcdonaldiana 
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Figure 19D 
Reproductive Success of 


Arabis mcdonaldiana 
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a manner suggesting secbvatee Initial observations during the first year of 
this study reinforced these conclusions and an assessment of the specific 
impacts of predation on Arabis reproductive success appeared essential. 
Within the thirty permanent 5 mé@ plots, reproductive success aS measured by 
numbers of fruit set by each plant was observed during the June and July 
sampling periods. These two observation periods allowed an assessment of 
initial fruit set following anthesis followed by a census of the numbers of 
young fruit that survived to maturity. The majority of predation damage on 
Arabis occurs to the young unripened siliques while they are still fleshy and 
rapidly elongating. Once the siliques dry, losing their moisture content and 
beginning to dehisce, predation ceases. Figures 19 and 20 show the 
reproductive success of Arabis on each of the thirty permanent plots in 1985 
and 1986 as measured by siliques produced and surviving to dehiscence and the 
dissemination of. seed. As can be seen by comparing the height of the 
histograms for 1985 and 1986 at each plot, the number of fruit produced/plot 
varies significantly and not necessarily in direct proportion to the density 


of Arabis/plot. During the third year (1986) Arabis at each locality flowered 





more vigorously and more fruit were produced than in 1985. Fruit predation 
also varied considerably from site to site from a low of 10% at plot 2 in 1986 
to a high of 100% at plot 30 in the same year. Surprisingly, predators grazed 
only on the young fruit clusters and left the flowers and vegetative rosettes 
alone. Silique loss usually occurred by the complete infrutescence being cut 
off about 1 cm above the base of the plant. No actual grazing of siliques was 
observed by this investigator, but to eliminate two obvious sources of 
potential predation, seven 1 m@ bird and rodent exclosures were constructed of 


wire mesh (mesh diameter 2 cm) and placed over flowering Arabis plants during 





Figure c@A 
Reproductive Success of 
Arabts mcdonaldiana 
in Permanent Plots 21-25 as Measured by 5il iques 
Produced and Surviving to Maturity 
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Figure c@B 


Reproductive Success of 
Arabis mcdonaldiana 
in Permanent Plots ec6-34@ as Measured by 5iliques 
Produced and Surviving to Maturity 
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1985. All plants thus enclosed developed normally and experienced no loss of 


siliques during the 1985 field season. In contrast, adjacent plants within 
the permanent plots suffered from 10 to 70 percent predation. During a total 
of 420 trap nights, ten nocturnal brush mice (Peromyscus boylei) were captured 
in our live and snap traps and numerous Sonoma chipmunk, Gray squirrel and 
Chickaree were sighted daily working within the Arabis habitat. It seems 
likely that at least one of these species of rodents is the major herbivore 
predator utilizing Arabis ejaauas Figures 19 and 20 indicate most 
populations appear to be highly vulnerable to considerable loss of potential 
seed and reproductive potential through the grazing activities of some 
organism larger than 2 cm in diameter (probably the brush mouse) or other 
small rodents. However, the annual production of seed by individuals escaping 
Silique predation appears adequate to maintain the present population density. 
Likely of more critical Eoneern to the survival of any year class of seed is 
the availability of appropriate safe sites for germination and survival 


through the first hot dry summer (Harper, et al. 1965). 


Identification of Essential Arabis Habitat 


During the initial stages of this study as the Red Mountain area was 
being systematically traversed to complete maps of the distribution of each of 
the four sensitive taxa, one of the earliest of our observations was the 


paradoxical occurrence of Arabis populations seemingly scattered randomly and 





quite sparingly over what appeared to be an abundance of potentially 


occupiable habitat. Arabis appeared to prefer open rocky areas and this sort 





of habitat was in good supply at 4000 feet on Red Mountain. Why then isn't 
the species considerably more abundant and widely distributed within the study 


area? This is not an academic question. The Recovery Plan (U.S. Fish & 


? phe. Lagan ii ila a oe" 
eeof on baonetisaxs bas 06 «Taman bageveb » Sal a _ 
niche asnsiq tnaoetbe” teertnes nt nomen bial S08 wall aa 
Isso s patrwd soFacbeng Sesarog OF of: 06 eott bones etota de < 
bevutge> orm canes scl on sue cane . 
brs fern tupe. XS dmmghts simone), can es , 
preve 71. .Seitdet gtdeyh sd2_ nts bw h dain vitae berdigte | 
wrov tdiedt vb em oad 2h. asnebor A eataege: sens 28 B re jal 
trom edsotbnt OS bns- Of essa se ae rw 
fetinstng to atof #idevobteno> ot adeno , pigh ‘ ‘3 ng gt 1 
saite ‘0 (o2uom feud: ads ufdadore): satmaat ‘at 90, + at net I ; 
ontqes2a raubly tbat xd bese Yo sobrouborg foun ene eat! ba 
istenob not 2s lagna jnseeq ong atedatan ow as supebe aoisetere 
at base to eeets aa una to fovFeme add Of wrens “reatdbso woe to ry, 
Taviveve bas notanatiring tot cette ote nsabiqonnga Yo" aanitasttsve a 


i(eeet" isan a) seamless idan toate 






























enoe to zolstitas pntaene ons r | 














edt 26w “mnotdernsede ‘ue a anti: wa » ‘00 suet a 
bas Ylmobos. beriad.82% \lpatmene seoteaTonoe sia 10 soneruaae Ih 
yi fstinesog 30: sonsbaude as ad 8. bersaugh. tn 9v0 eS 1B 
$108 2tdt bas a6eys y901 mpqo, “iehene. oF Dereegys raga ele oh 
‘B'nat not? iM .besmuol bel to teat 008, ta: Joawe | 
ybuse of? oth ty betudtagetb tt santo ) 


& Asti ta net’ ponenrs wt 


ee a 
ve 


5 
Wildlife Service 1984) calls for the protection of sufficient habitat to 
insure the well-being of rock-cress. Although the major threat to McDonald's 
rock-cress is undeniably the proposed Aah activities on Red Mountain and 
any disturbance of this magnitude would significantly impact any plant species 
restricted to Red Mountain, the effective long term management of the Red 
Mountain Study Area assuring the survival of McDonald's rock-cress as well as 
the other three narrowly endemic plant taxa demands a more critical 
understanding of the species' habitat requirements. For terrestrial plants, 
the most critical stage in the lifecycle is the period of seedling 


establishment (Harper 1977). The dominant element of the germinating seed's 


environment is the soil. 


Soil experiments 


The ultramafic rocks comprising Red Mountain have degraded into basically 
two soil taxa--Huse and Cornutt, soils (the soil classification of Red Mountain 
used in this paper is that cited by Jenny). Existing heterogeneity may be 
further classified as the area is resurveyed by the Soil Conservation Service 
(H. Jenny in U.S.F.W.S. 1984). Huse soils are distinctly red, rocky and 
shallow, even on nearly level terrain, and appear to form the exposed peaks, 
ridges and steeper slopes of Red Mountain. Cornutt soils are more prevalent 
and usually deeper, reaching five feet in the level areas and basins between 
rises and ridges. The deep red Cornutt soils on Red Mountain share many of 
the pedological attributes of lateritic soils of tropical regions, and 
indicate to some soil scientists that this area was subjected to a tropical 
climate in the past. Jenny (U.S.F.W.S. 1984) questions this view as running 
counter to current concepts of biotic evolutionary trends, geological history 


and climatic change in California, but the jury is stil] out on the geological 
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interpretation of Red Mountain's origin and development and additional data 
must be gathered before existing controversy will be resolved. 

Arabis mcdonaldiana appears to be restricted to the more Shallow Huse 
soils. All known populations of this Species occur on soils of this 
description. The largest Arabis population (Area 9) abruptly truncates its 
distribution in the saddle between Red Mountain Baldy and the neighboring 
ridge to the east. This distribution boundary is coincident with the 
beginning of a zone of deep red Cornutt soil, although no obvious explanation 
for this edaphic selectivity is apparent. 

One testable hypothesis to explain this soil specific distributional 
pattern is that soil quality is acting as a sieve allowing only seeds of 
certain plant species to become established. Genetic adaptations of plants to 
ultramafic soils have been well documented (Kruckeberg 1954; Mansberg and 
Wentworth 1984; Proctor, J. 1971). In general, ultramafic ecotypes have not 
been found to nutritionally require serpentine soils but rather to require the 
soil's rigorous environment as a means of eliminating maladapted competitors. 
The nature of Arabis mcdonaldiana's requirement for ultramafic substrate had 
not been previously investigated. 

Using Arabis seed (tested to be 98% viable by germination tests conducted 
on greenhouse loam) lots of 75 seed were planted in 8 X 10 inch trays 
containing equal amounts of four types of soil: 

1) Cornutt - red highly oxidized soil from Red Mountain 

2) Huse - rocky less highly oxidized soil from Red Mountain 

3) Hugo - non ultramafic soil from Mail Ridge adjacent and east of Red 

Mountain 


4) Greenhouse loam 
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Each soil was mixed with fifty percent river sand to lessen the impact of 
compaction in the fine red Cornutt soil samples from Red Mountain, and each 
soil trial was replicated three times. These twelve trays (each planted with 
seventy-five seed) were given equal amounts of water every two to three days. 


After one month the following counts of seedlings were obtained: 


Table 3 


Seedlings Appearing in Each of the Three Replicates* 


Replicate Number 


1 Z 3 
Ce ee a ct 
Cornutt Soil (Red Mountain) 51 72 46** 
Huse Soil (Red Mountain) 44 66 47 ; 
Hugo Soil (Mail Ridge) 36 25 42 
Greenhouse loam . 45 65 63 


sa i al ed ST as ae ae ae 
* 75 seed were planted per tray 
** Differences between the mean numbers of seedlings 


growing on each soil were not significant at the 95% 
level. 


At the time of this census, there was no significant difference in the 
ability of Arabis to germinate and survive with abundant water on the various 
soil types. Clearly Huse soil on Red Mountain is not providing Arabis with 
some unique component critical to its survival as a seedling. These trays 
presently remain intact and have now been growing for approximately two years. 
They were transferred from the greenhouse to my backyard and received normal 
hot, dry Sacramento summer weather and more recently considerable amounts of 


rain. The red Cornutt soil trays became brick hard over the summer and these 
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seedlings showed little growth. However the Red Mountain Huse soil trial 
continues to do well--but no better than the seedlings growing on 
nonserpentine soil. Kruckeberg (1954) found that most serpentine endemics 
would grow as well if not better on nonserpentine soil under controlled 
conditions. A plant's restriction to serpentine in the field appeared to be 
more related to its tolerance of serpentine and its inability to compete 


( 


effectively with nonserpentine adapted taxa on normal soils. 


Seedling and Transplant Experiments 


Although the greenhouse seed germination trials demonstrated that Arabis 
did not intrinsically require a particular type of soil for germination and 
growth under controlled conditions, over the term of the experiment seedlings 
did appear to grow more vigorously on the more well drained Huse soils as 
compared to the finer Cornutt soils. These results were obtained from 
greenhouse trays of soil and: likely do not accurately reflect conditions in 
the field. However, these initial results began to stimulate our interest in 
the question, “Why doesn't Arabis mcdonaldiana occur more widely within the 
open rocky habitats presently devoid of the species?" In order to gain some 
additional understanding of this phenomenon, in November 1985, in between fal] 
rains, 30 one m@ plots were individually planted with 100 Arabis seed to 
monitor seed germination success over a wide range of Red Mountain habitats 
presently unoccupied by the species. Several of these plots received one or 
two one-year-old transplants reared in the greenhouse as well. 

During the 1986 field season these plots were revisited (May 10, 18 and 
July 12) and the health of transplants and seedling counts were recorded. The 
location and physical characteristics of each of the seeding sites are listed 


in Appendix 1. 
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The most striking result of this experiment was the extremely poor 
germination success exhibited by Arabis mcdonaldiana over a wide range of 
habitats. Two seedlings resulted from a total scattering of 3000 Seed over an 
area of 30 square meters. These two seedlings appeared in Plot 1, a steep 
south facing slope of a mining test pit, a habitat that I would have predicted 
to be one of the least Satisfactory for the species' establishment. 

An explanation for the Arabis seeds' extremely poor showing over a range 
of seemingly occupiable habitats is not immediately obvious. Laboratory tests 
of seed viability immediately prior to the field tests indicated the seed had 
a 95-97 percent germination potential on watered soil and these results tend 
to negate the possibility that Arabis seed require aging or scarification 
Prior to germination. Genetic polymorphisms for the timing of seed 
germination also appear unlikely in this long lived herbaceous perennial. Why 
then do Arabis seeds fail to grow in habitats almost identical to those in 
which they now occur? The enormity of this Paradox is somewhat reduced when 
we observe what the normal seed germination success rate is within established 
Arabis populations. As was seen in Figures 19 and 20, the reproductive 
success per plot as measured by the number of Siliques brought to maturity 
varies considerably from plot to plot as well as from Area to Area. 

In 1985-86, plants in Area 9 (the protected burn Site) were 
reproductively most successful Producing an average of 399 seed and 5 
seedlings per 5 me plot. Arabis in Areas 10 and 15, however, achieve between 
20 and 52% of Area 9'5 Output of seedlings with only a seed production of 3 
and 14% that of the former. The open exposed sites of Areas 10 and 15 appear 
to allow for higher (probabilities of) seedling establishment per seed. 


Considering data from all plots, an average seed has about a one in one 


50 
hundred chance of finding a safe germination site within the Study Area. It 
becomes immediately apparent that Arabis, even in its preferred habitat, has a 
relatively low rate of seed germination success. Transplants in the seeding 
sites in geneva) exis fared poorly, surviving currently only at the mining 
test pit sites at Plots 2, 3 and 4. Transplants suffered heavy predation over 
the winter months; perhaps they represented a highly palatable resource in an 
otherwise largely barren area, and all but 5 of 25 original transplants 
ranging in size from 3 to 13 cm in diameter were completely grazed and/or torn 
out of the ground by herbivores. The Peepepladee! vulnerability to predation 
was likely enhanced by their healthy succulent texture Stemming from a year's 
growth under high moisture conditions in Sacramento. The transplants were 
easily 10 times as large as seedlings of the same age germinating on Red 
Mountain. One additional explanation for the rapid disappearance of the 
imported (greenhouse) seedlings may be that they possessed a higher 
palatability due to their being grown on greenhouse soils. The studies of 
Reeves and Baker (1984) and Gabbrielli and Pandolfini (1984) working with 
Thlaspi and Alyssum in New Zealand and Italian serpentine habitats 
respectively demonstrate that these crucifer genera typically concentrate 
between 4960-12,400 g/g-! of nickel (dry weight) in their rosette leaves. Red 
Mountain Arabis may accumulate heavy metals in high concentrations as well, 
and these chemical loads may serve to reduce herbivore predation 
Significantly. 

The seedling transplant experiment provided little data of value enabling 
one to more accurately describe the critical Arabis habitat. The concept of 
germination safe sites explored ingeniously by Harper et al. (1965) called 


attention to the heterogeneity of the soil-seed interface and the selectivity 





af 
of different species of plants for unique microsite requirements. Within the 
permanent plots it is apparent that Arabis seeds will not germinate in heavy 
accumulations of pine needles, oak leaves or other debris. Areas experiencing 
consistent sheet erosion also would appear on first examination to be poor 
habitats for Arabis growth. However, within the five permanent plots 
exhibiting sheet Eros iON. the plants established within this zone grew as fast 
or faster than adjacent (control) plants (Figure aU fe 

Clearly, in the absence of additional data on the specific environmental] 
conditions prevailing within each of Arabis mcdonaldiana's current habitats, a 
more accurate resolution of what constitutes critical Arabis habitat may not 
be possible. Such an indepth autecological Study of each plant's 
microenvironment would undoubtedly be revealing as well as ecologically 
satisfying. However, the microrelief and microedaphic textures revealed may 
well prove to be too exacting and difficult to measure to be of practical use 
for managing the species. : The probability of occurrence of Arabis 
mcdonaldiana on a site may have a stochastic component as well. Populations 
adapted to disturbed habitats--past burns, scree Slopes, unstable erosion 
Surfaces--are likely to be periodically eliminated locally from their rapidly 
changing habitats, and the occurrence of Arabis at any one location at any 
Particular time is probably a function of the chance availability of a seed 
source adjacent to a recently modified environment. 

Little is known of the relative vagility or dispersal potential of Arabis 
seed. Seed of Arabis mcdonaldiana are equipped with a narrow wing that could 
potentially assist in their aerial dispersal during periods of windy weather. 
Siliques dehisce, however, in July during relatively calm weather and the 


majority of seeds appear to fall close to the parent plant (personal 





Figure clA 
Change in Canopy Coverage of 


Arabis mcdonaldiana 
within and adjacent to areas of sheet erasion 
1984 
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Figure c1B 
Change in Canopy Coverage of 


Arabis mcdonaldiana 
within and adjacent to areas of sheet erosion 
1984-1986 
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observation). Subsequent distribution of seed is probably accomplished by 
Sheet erosion and gravity. These mechanisms, however, are deficient in 
explaining the present distribution of most Arabis populations on the tops of 


mountains and ridges. 


Multivariate Analyses of Communi ty Associates 


In the absence of more definitive data on the physical environmental 
requirements of Arabis on Red Mountain, one may attempt to define its habitat 
indirectly by determining if other Species sharing the habitat do so with any 
consistency and more specifically: can Arabis’ presence be predicted using 
indicator species? 

Indirect gradient analysis, one type of ordination, may be used to 
mathematically position species encountered in community samples on the basis 
of their consistency of co-occurrence in these samples. Each Species is 
located along two or more axes which represent major components of 
compositional variation (Bray and Curtis 1957, Cox 1985). Species occurring 
Close together on a two dimensional ordination plot, also occur together 
frequently within sample plots and their co-occurrence may indicate similar 
habitat requirements. 

A random sampling of Red Mountain vegetation containing Arabis 


mcdonaldiana had already been accomplished in the form of the thirty permanent 





5 m@ plots stratified on the basis of relative density of Arabis. As each of 
these samples contained Arabis, these plots served as a portion of the 
Ordination data base. However, in order to increase the overall coverage of 
_ habitats on Red Mountain, thirty-four additional 5 m2 plots were (randomly but 
systematically) located throughout the Study Area using a gridded overlay and 


two randomly generated coordinates within each of 34 regularly spaced sectors 
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2h) 
(Figure 22). Within each plot, species and Canopy cover values were recorded. 
In all 64 vegetation samples, 5 m2 in size, were used in the Ordination 
analyses. 

Modern ordination Procedures are mathematically complicated and difficult 
if not impossible to Carry out by hand. for Purposes of this study, two of 
the Cornel] University Computer Programs for Multivariate Analysis were used: 
DECORANA--a Fortran Program for detrended correspondence analysis and 
reciprocal averaging, and TWINSPAN--a second Fortran program for arranging 
multivariate data in an ordered two-way table for cldscthi cater of the 
individuals and attributes (Hil1 1979). : 

Figure 23 summarizes the results of the Ordination analysis of the 64 
vegetation samples using DECORANA. Thirty-six species of vascular plants were 
encountered in the sample plots, and each Species was quantitatively compared 
with every other species on the basis of the relative Similarity and 
differences of their CO-associates. Species that occurred together most 
consistently were arrayed into clusters on the Ordination plot. Those Sharing 
no common associates are separated by the greatest distance on thevolots A 
two dimensional ordination arranges Arabis mcdonaldiana (species number 1) 
closest to Arctostaphylos canescens (13) and Quercus vaccinifolia (14), two 
Shrub species with which it is commonly associated. Horkelia tridentata (34) 
and Ceanothus pumilus (8) also show a relatively high level of association 
with Arabis on Red Mountain. Each of these plant species, on the basis of 
their high degree of association with Arabis, may have some utility in 


identifying potentially occupiable Arabis habitat. 
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7 Figure. 23 
DECORANA 


Ordination of Species Encountered in Sample Plots 
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Using the same data Set, the TWINSPAN analysis generates a two-way 
Classification table as seen in Figure 24 arranging simultaneously species 
into groupings corresponding to high levels of association and sample plots 
according to high levels of similarity in species composition. The 34 species 
are arranged linearly along the left hand margin of the table and the sample 
plots horizontally across the top in order of their similarity in associates 
or composition respectively. The numbers in the body of the table refer to 
each species' relative dominance (coverage) in the various vegetation samples. 
The TWINSPAN table appears to give a more graphic impression of the 
association of Arabis with other Red Mountain species. Occurrence, as well as 
dominance information for each species, are displayed simultaneously and 
species having high levels of fidelity (faithfulness to Arabis) as well as 
constancy (the proportion of Arabis stands including that species) can be 
observed at a glance (Barbour et al. 1980). The first eleven species in the 
table, including Arabis, form a,group showing higher level of association with 
one another than they do to the rest of the species. Eriogonum kelloqgii, 
Ceanothus pumilus and Arctostaphylos canescens exhibit high levels of fidelity 
to Arabis as evidenced by how few vegetation samples contain them but not 
Arabis. Other species such as Horkelia tridentata have high levels of Arabis 
constancy but are so rare as to be present in only a small number of plots. 
Quercus vaccinifolia (close to Arabis in the DECORANA ordination) has a 
relatively low level of Arabis fidelity occurring in several plots where 
Arabis was absent. Two species mentioned above, Eriogonum kelloggii and 
Ceanothus pumilus, appear to combine high levels of fidelity as well as 


constancy and may well prove to be the most accurate indicators of Arabis 








Figure. 24 
TWINSPAN CLASSIFICATION of PLOTS and TAXA 


Ordination Sample Plots 


356 S4SBSEZ3S354446 225354445 1 266 1454556 S22 142112322911 1 355 
1212260 340789457945560134544 8238788269097 T102919301Z5586654357 












22 Sedum laxum = = > = - ~~ + - - |--- 77 ---------------- 1--9-12-1-}--------------------- 32900 
a3 Cupressus Saryntig — - = - = = ~~ |. 2 ae St---- =. ee we 3--------}---------------------- 39003 
4 Errogenum Kelleggic = ~~ ~~ 1 - 139-433442912313-~ -- ---124-------} - bt aes ees. eet a 30961 
32 Sitanion hystrix = - -- ---- V1---- oc eo rn - -- = -e- - - - - --- + + 99901 
35 Pinus attenuata, = ------- a pe a ao ee pa n= a ae ee ee 99091 
1 Arabis medeneldiana. Fg obi SEE ha Peek Es 47° 12411 += 2 = 2 -- = w- 3001 
8 Ceansthus pumilus ~1-4-35'34---33554553555544555425-------- 12-2223 7 - a ee ee 3201 
34 Horkclia tridentata,  ------ | wo errr re eee ee DY rt rr rt rr rr rrr ee eo ee - - - - - --ee O51 
7 Alliury faleifolium =-{----- [lL eSe Sess -------- eee eee ee ee eee Tele a1 Sa = ae a 331 
T3 Arctostaphylos cancscens  - 215453|------53-----------3555454455-3----|-------------3124----- 294 





1B Onychium densum 
}0 Lomatium macrecer pum 






- 4-7 -4--41-21------- 1995 


A ee Ty ---- see se] one oe HH eee = Se = : eee 3----- oti 
fe Sen eC Ne te, oS eset Se eee een” Ee Ay Seen g af 
. a a? come 4 SS = SS = Se = SS 1VCICS 
i I~ peraeyt fy weer =~ [- ae ee ee eee Ca agli a iat tg =S$2 2411212121 ~--=G -=- 19105 
ra] mus lambertiana, =~ --------~- | ot er et et 3-2141211--114---=>--- 190100 
>< Zo thcracium bolander( = - -- --- | A SSS = Soo SHOE CS ee | ee 11----------=---- 195129 
co 5 
27 Lupinus hy alle Fe he Se er ee anger me Se Se OS) | ee Se aero fe ee eee ee ee ee ee fe ee 1 Oe er rea eo a 1 Co a oe 10919¢ 
b Galion amt by usm Say ae Oo a a i ete abe antes 1925 1-“321119 2" 21 -ye 1dete 
17 Xero py thom oe ee ae ee 2 mee oes ae 1 2p eso os $6452 7-°- 199191 
a ee tee ~ nae ees (ie ee oe eee tell Retetalatetataated | feat tale 24-11 241- ae 190131 
° WUS TCR Fon mhee | 8 MES mackie = See ea ete ee oo See EN a is ae eget ee Se eee 34 - = 199191 
2 Polygela. colifornica Gee ed ee Ge es ee be $2" -297" (1 - 11" -- 13611 
16 Whip plea modesta, 9 - - - - -- ee - - -  - -- - -- -- - ~~ - + -/-- ---- 2te¢ = 332-5 1S --- 10511 
IJ Arcnario douglasig === = =~ - pager ae a ee 8-22 -------------[-------- 4------- 1----40 19169 
28 Castille. Beriegstei is tee ge re ia ge eee ar aa eee tt--twe tae ¥7So 
15 Gorya beitelia. 1 See"= Pee Sa }<--* ie tag Ae > ee ea eee V----4--3254555 101510 
19 Streptenthus teduesus = - = <= ~ Ina w ~~ a wn = ie oe fee oe  e  -- - - --f- ~- - -- - - e + - - - - - -- 41 #191911 
20 Enugenumvedum = = - ee Hye ee ee ee wrtt ccc ec cre Pee nn ee ee ee fe ee ee ree 1 191011 
21 Ericdictyon CulitecavGe ue ~ == ee = | -----5--- +e - eH e oe re rr re ee fe ee ee rrr rrr 1 11001 
Lah epee Ste ~------------------------ aS ead ja ee 
SOlutulacomosa  ------- | wee ee ee ee ee en ee ee er ee eee re ee er ee rr rrr 1-- 191911 
5S Colecedrus deumrans -1-11--"--2------------- ee faq ~~ == =o = Tate Wea 222 Ne) 
24 Epilobisermimnutum = = - - ee --- ee ae ee 44------------ 1---1----- 1511 
14 Quercus vacrnfolin, —-6.555455|-1------- 4--------- en ted tal 1€34-33>--1e-3-e) 11 
37 Lihue rubascens es Pe eee oe P- = --------------|- oe = ee 1 
; Sb ed ECDC STIG CS GSUNOQNNSOTM DVT VAT AVV VITA das 


VV009T1909090099000090999 92909985 I0GNIVIIIAAN 


at Sgr pene ae ¥i011 
NPOOCLIQSLVIIIAIITIIIIVIA NI WSIS TIN 


1 
SVIAIIPS gogo gas 


cn 


EEE 


60 
habitat. Both taxa have the additional advantages of being relatively large 


and easily recognizable by untrained personnel. 


summary and Conclusions 
During the last three years (1984-1986), we have endeavored to study the 


geographical distribution, population dynamics and reproductive biology of 


Arabis mcdonaldiana within an approximately two square mile area of federal 


land comprising the western and southern portions of Red Mountain. This area 


appears to encompass approximately 80% of the known population density of this 


endemic taxon. The remaining populations located on private land to the east 


of the crest of Red Mountain were studied less intensively. Approximately 


coincident with the range of Arabis, three other taxa (Eriogonum kel loggii, 


eastwoodiae and Silene Ccampanulata ssp. campanulata) were 
Of these four taxa, Eriogonum kelloggii appears to be the most 
aS : 


widespread and abundant upon Red Mountain. 
' 


sedum laxum ssp. 


also mapped. 


It is also present as a small 


population on Little Red Mountain to the south. Although restricted in range, 


it appears at this point in time to have the highest ecological amplitude. In 


contrast, Sedum laxum ssp. eastwoodiae and Silene campanulata ssp. Campanulata 
consist of widely scattered clusters of small numbers of individuals; tota] 
mapped populations of each species comprising no more than 250-500 


individuals. Arabis mcdonaldiana, the major focus of this Study is more 


= 


Widely distributed within the study area than Sedum or Silene, but less 


abundant than Eriogonum. 


The population dynamics of Arabis mcdonaldiana were studied using a 


coneueniinnsinmmammeetac ee 


series of thirty 5 m2 permanent sample plots placed at random within six study 


areas on Red Mountain. Arabis, a relatively long lived herbaceous perennial, 


was observed to maintain relatively stable population densities and coverage 
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values over the three years of the study although variations in both these 
parameters occurred within and between measured plots. One large Arabis 
population (Study Area 9) comprising from one-third to one-half of all Arabis 
mcdonaldiana individuals on Red Mountain is located at the site of a past burn 
and appears to be vulnerable to successional habitat degradation. Three years 
of population data are insufficient to conclusively document decreases in 
population vigor at this site, but the permanent plot data te forms an 
essential first step toward documentation of long term changes in the 
population dynamics of this critical population. Subsequent years' data will 
only increase the value of this information base as a management tool. 

The density of Arabis within existing populations of the species does not 
appear to be limited by biotic factors. Although silique predation by rodents 
or other animals may periodically remove 100 percent of the reproductive 
output of local~populations, the species' relatively long life (large 
individuals 27 cm in diameter may be between 25-50 years old based upon an 
average rate of growth of .5-1 cm/yr as obtained from permanent plot data) 
buffers it against short term lapses in reproductive effectiveness. In 
general the number of seed produced far exceeds the number of germination safe 
sites in the habitat, and the number of seedlings produced appears to be 
dependent upon some poorly understood combination of microsite interactions 
between climate and soil. All observations indicate that Arabis is restricted 
to Huse soils and appears to share habitat requirements with Kellogg's 
buckwheat (Eriogonum kelloggii) and Siskiyou ceanothus (Ceanothus pumilus). 
Although these indicator species do not always occur with Arabis, Arabis 
appears to usually be associated with them and their range of occurrence 


within the Red Mountain Study Area may well be a good approximation of 
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It would appear that Arabis mcdonaldiana is 





potential Arabis habitat. 





underoccupying its available habitat, behaving like a fugitive species with 
low vagility, moving from one open habitat to another with a low level of 


efficiency. It may be that Arabis seed are spread effectively by wind and 





water throughout the Red Mountain Area; the present widespread distribution of 
extant populations testifies to the effectiveness of dispersal over time. 
However in the short term, the probability of seed encountering proper 
conditions for germination may be so low (see results of artificial seeding 
experiment) that new populations are established only eericttin 
Management of Arabis mcdonaldiana within 
the Red Mountain Study Area 

Arabis mcdonaldiana's status as an “endangered species" is due to its 
restricted distribution on Red Mountain and the impending threat of total 
habitat destruction if Red Mountain is opened to mining interests for the 
recovery of significant deposits of chromium and nickel ores (U.S. Fish and 
Wildlife Service 1984). 

As a result of this study, additional populations of Arabis have been 
located, but these new sites do not extend the range of the species beyond the 


immediate vicinity of Red Mountain. Arabis populations currently occupy 


shallow rocky soils classified as Huse soils and the species with al] 


likelihood is restricted to these soils because of a still to be defined 
habitat requirement. Although the terms Huse and Cornutt refer only to end 
points on a continuum of gradually changing soil quality, the distribution of 
Huse soils on Red Mountain can be considered for management purposes to be 
coincident with the occurrence of potential Arabis mcdonatdiana habitat within 


the study area. A new soil survey is in preparation for Red Mountain by the 
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Mendocino County Office of the Soil Conservation Service. Although 
unpublished and currently classified as preliminary by SCS, the rough soil map 
and soil series descriptions are included as Appendix 3 to this report. Huse 
and Cornutt are no longer used as soil series names in this most recent 
Survey, and they have been replaced by Hiltabidel (roughly equivalent to Huse) 
and Littlered (roughly equivalent to Cornutt soil series). Red Mountain soils 
are variously classified as combinations of these two soil series and soils 
belonging to the Dann Soil pe. all soils derived from ultra basic parent 
material. Populations of Arabis mcdonaldiana appear to be restricted to soils 
Classified as Hiltabidel-Dann complex and Dann-Hiltabidel-Littlered complex 
and are absent from Littlered clay loams (the deepest red Cornutt soils) and 
the Dann-Hiltabidel variant complex. A\rabis appears to behave as a fugitive 
species, intolerant Of competition, but once established, relatively long 
lived and persistant in habitats that were once disturbed. In habitats too 
unstable or rigorous for the evéntual succession of shrubby vegetation such as 
the steep eroding talus slopes along the flanks of Red Mountain as well as the 
barren, exposed rock balds forming the tops of peaks and ridges, Arabis 
appears to form relatively stable subpopulations suffering continual losses of 
individuals to a shifting unstable substrate or occasional drought, but 
maintaining its position in the community through minimal but persistent 
seedling recruitment. 

The species remains totally vulnerable to the large scale habitat 
destruction associated with mining. Road widening and maintenance ‘connected 
with mining activities have the potential for severely damaging the largest 
extant Arabis population (Area 9--a concentration of individuals comprising 


approximately one-third of the total Arabis species). An existing “arterial" 
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64 
road currently bisects this population. Three other Arabis populations (3, 7 
and 18; see Figure 1) are also growing immediately adjacent to or in the 
middle of existing mining roads. Each of these last three populations occurs 
on private land. The remainder of the species' populations are probably more 
secure from accidental human disturbances associated with road maintenance, 
but open pit mining operations involving the Huse soils which form a reticulum 
throughout the Study Area will likely obliterate all existing populations. 

In the absence of mining threats and road improvement activities, the 
four species of Red Mountain endemic plants and specifically Arabis 


mcdonaldiana appear to be maintaining stable populations. 





A study of the reproductive biology of Arabis mcdonaldiana revealed the 





species to be well adapted to its habitat. The species is not restricted to a 
specific insect pollinator but is visited regularly by a wide range of 
potential potTination vectors. Two species of bumble bee, widespread 
throughout California, serve as its principle pollinators. In the absence of 
pollinators, self compatibility assures some seed set. Many populations 
experience some fruit predation, but these losses appear to have no 
Significant impact on the species' ability to maintain its position in its 
habitat. Many more seed are produced than apparently find safe sites to 
germinate. 

Some promise appears to exist in a program to increase the density of 
Arabis mcdonaldiana on Red Mountain by artificially seeding areas of Huse 
soils currently supporting Ceanothus pumilus and Eriogonum kelloggii. These 
two plants occur with Arabis with some consistency and may well serve to 


identify potentially and currently occupiable Arabis habitat. One must be 















a 


= enoks stb il bi 


iq ih Lah er 


ge at 0 oF Baris ss 


=!) 


edad, 


f t 1 { 
; 4 


‘pil a iieiaie Fa snot étogon ote we 
a en sonanednt r) bsor ngtw bats! ous om. 


ths ¥, 
it ta 
on 2m aT 


duluotien 6 wot dotrw &! itor ani ‘eit? nat ovat 



















/ F ascsncspen patreras its ‘sawed tl 0 heath ie aan: pas 
jase 


=yint es . aie ian ee 


ong ctetity 338 Trams verge beOT bas. ato pata to. 69 3 Si end a 


f hy ih pce 


sideah vt babys tikes bis tne tg aiasbas ntesauot van he wsinege 


(ae = sehen 60 We See ' t nN 
i * oti a ‘oad; 


la . an i 


* 
oy i 


\ipet ad aa War. -poiot ts twqog ofdase ov kn wanton id oo nagae 2 a 
. wie : ott a ee ee ri, 
oid patsovet enstbigogbom 2 zip v0, epotitd, avisoaendet ott 40 se “ 
so ae fon et vetoege ft .tattded BF 8 (padeabe ioe 9d 9 et 
ro aptar ebtw 8 yd xfretupen bastety et wd ‘secunt tog seen? Pie 
, Ee Aor 


bssitqeabtw 99d 9fdmud To eetoege owl anoso0y saciid ‘fata 


ronds edd nl strosentTtoq: aiqhonts q $+ ‘ee eros “patron 


ht i 


enotteluqeor ¥teM tea bese omoe gen iciahtal wrritetoneeos Wee vest 
on oved of We9tGe Beteu . s2en2 tie 4 note svn atort noe ont 
net ' 7 ‘ hs. Ie My ee ; 


23h, at nottz0q) ett nts? ata of wn tes eohoets sta ce ‘nme 3 = ie 
oy esate eYe2 bat? eltoonaage nests _beabong, bed “ thas ‘nm . a ; 


9 ut 2M *” aed ses ot mergo7e 


ty 


65 
prepared, however, to be satisfied with a low success rate with any seeding 
program as normal seedling serail ienment rates are extremely low. 

Although the majority of Arabis populations occur in zones of bedrock or 
unstable soils, the largest concentration of individuals occurs on a site of a 
past fire and a program of carefully controlled burning may introduce Arabis 
into currently unoccupied sites on Red Mountain. 

It is strongly urged that data pontine to be collected from the 30 
permanent plots on Red Mountain. As argued in the body of this report, these 
baseline data form the nucleus of an extremely ‘effective monitoring system 
allowing BLM to obtain accurate estimates of Arabis population vigor over 
time. It is strongly recommended that additional plots be established to 
incorporate the other three sensitive taxa indigenous to Red Mountain as well. 

Although a three year study of any species appears to be inadequate to 
determine the nature of long term patterns of species recovery or decline, one 
inescapable conclusion can be drawn. The short term survival of Arabis 
mcdonaldiana is entirely dependent on the elimination of mining as a threat to 
the vulnerable Red Mountain habitat. Arabis, as well as the three other 
narrowly restricted species of Red Mountain plants, cannot be expected to 
coexist with an open pit mining operation, and it is strongly recommended that 
the U.S. Fish and Wildlife Service classify the entirety of the upper slopes 
of Red Mountain as critical species habitat to ensure the continued existence 
of Arabis mcdonaldiana. If the opportunity should arise to acquire adjacent 
private lands to the east, every effort should be made to bring these parcels 
with their associated rare plant populations under the protection of the Red 


aad) 


Mountain Recovery Plan. 
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Plot Size. = 4m* 


Plot number, location 
and description 


Plots 1-3 NE1/4 SE1/4, Sec. 19 
T.24N, R.16W. (east-west 
trending test pit) Cornutt’ 
soil series. 


Plot 1 - steep south facing 
Slope of test pit; fine red 
soil. Unstable slope. 


i Plot 2 - steep north facing 
slope of test pit; ® 


Plot 3 - gently sloping east 
facing slope of testpit in 
rocky rubble; soil yellow in 
color 


4 px: 


Appendix 1 


Observations from Arabis Artificial Seeding and Transplant Trials 


\ 


\ 


Visits to seed and transplant establishment plots . 
October 26, 1985 May 10, 1986 May 18, 1986 July 12, 1986 : 


Planted 100 seed 
Transplanted 3 Arabis in 


peat pots. 
Size: 9x7 cm 
4x4 ca 
3x3.5 cm 


planted 100 seed 
Transplanted 3 Arabis in 


peat pots. 
Size: 10x10 cm 
3x3 cm 
3.5x3.5 cm 


planted 100 seed 
Transplanted 3 Arabis in 


peat pots. 
Size: 13x9 cm 
6x4.5 cm 
2.5x3 cm 


no evidence of seedlings 
-or transplants (sheet 
erosion prevalent). 


no seedlings; 

all transplants still 
alive: 11x5 cm two 
racemes present on one. 
(Sugar pine seedlings 
have germinated). 


no seedlings; all 

transplants have been 
grazed off but stumps 
beginning to resprout 


1 seed) ing* 


new growth on all three 
transplants; no seedlings 


no seedlings; new growth 
on 2 of 3 transplants 


2 seedlings* 


one transplant successful 
to date; 6 ramets and 3 
inflorescences; one eaten 
2 others have 6 putt 
no seedlings 

1 
no seedlings; one 
transplant surviving, 
heavily browsed; 
resprouting from caudex 


Plet Size = 1m* 


-Plot number, location 
and description 


Plots 4-6 NE1/4 SE1/4, sec. 19 
T.24N, R.16W. (north-south 
trending test pit) Cornutt 
soil series 


Plot 4 - gently sloping 
southwest facing slope 


Plot 5 - gently sloping 
northwest facing slope; pine 
little cover +75% 


8 
_ Plot 6 - westfacing gravel heap; 
fine red soil 


Plots 7 and 8 NW1/4 SE1/4, sec. 
19, T.24N., R.16W.; gently 
sloping east face (Huse soil 
AE 


Plot 7 - bare rocky slope with 
Quercus vaccinifolia and 


Arctostaphylos 


Plot 8 - bare rocky slope 


Visits to seed and transplant establishment plots 


October 26, 1985 i May 10, 1986 May 18, 1986 


Planted 100 seed 
Transplanted 2 Arabis in 


peat pots. 
Size: 11x13 cm 
6x5 cm 


Planted 100 seed 


‘Transplanted 2 Arabis in 


peat pots. 
Size: 9xll cm 
3.5x4 cm 


planted 100 seed 
Transplanted 2 Arabis in 


peat pots. 
Size: 7.5x9 cm 
3.5x4.5 cm 


planted 100 seed 
transplanted 2 Arabis in 


peat pots. 
Size: 8x10 cm 
3x5. 5cm 


planted 100 seed 
transplanted 2 Arabis in 


peat pots. 
Size; 8x10 cm 
5x6 cm 


\ 


no seedlings; transplants 
are missing apparently 
eaten; one survives but 
heavily browsed 


no seedlings; transplants 
dead (eaten) 


no seedlings; one 
transplant still alive 
(3.5x2 cm) 2-racemes 
evident 


no seedlings; both 
transplants dead 


no seedlings; both 
transplants dead 


no seedlings; one 
transplant still alive 


no seedlings 


no seedlings; one 
transplant flowering but 
appears to be drying up 


no seedlings 


no seedlings 


uly 12, 1986 


no seedlings; transplant 
eaten back but resprouting 
from caudex; dia. 2 cm 


no seedlings 


no seedlings; transplant 
dead (desiccation) 


no seedlings 


no seedlings 
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Ast size = Im 


Visits to seed and transplant establishment plots 
Plot number, location 


and description October 26, 1985 May 10, 1986 May 18, 1986 July 12, 1986 


Plots 9 and 10 WNW1/4 SE1/4, sec. 
19, T.24N., R.16W. ca. 75° \ 


north of Population 9 and i 


road (Huse Soil Series) ‘ 
\ 
Plot 9 - southfacing slope planted 100 seed no seedlings; both no seedlings no seedlings 
showing evidence of sheet transplanted 2 Arabis in transplants missing : 
erosion with large cobbles peat pots. ; 
(1-2" dia.) Size: 7x10 cm 
4x6 cm 
Plot 10 - twenty feet west of planted 100 seed no seedlings or no seedlings no seedlings 
Plot 9; adjacent to but clear transplanted 2 Arabis in transplants evident ao 
of sheet erosion influence peat pots. sh eli 
- Size: 8x9 cm - . 
4.5x3.5 cm i, 
Plots 11-13 SW1/4 NE1/4, sec. 19 ~ 


al ost approx. 30 
feet west of road at top of 
rise (Huse soil series) 


Plot 11 - bare rocky area; Planted 100 seed no seedlings or no seedlings no seedlings 

gentle, east-facing slope Transplanted 1 Arabis in transplants evident 

peat pot 
Size: 2.5x3.5 cm 

Plot 12 - rocky outcrop; shallow Planted 100 seed no seedlings or no seedlings no seedlings 

soil; shaded partially by Transplanted 1] Arabis in transplants evident 

juercus vaccinifolia and peat pot. 

rctostaphylos Size: 6x6.5 cm ' 

Plot 13 - relatively flat rocky Planted 100 seed no seedlings no seedlings no seedlings 

outcrop 


— 


OL 


Plot Size = Im* 


Plot number, location 
and description 


Plots 14-16 SW1/4 NE1/4, sec. 19 
T.24N., R.16W. east and 
approx. 100 feet up slope 
from plots 11-13. (Huse soil 
series) 


Plot 14 - open rocky gravelly 
areas with deep soils 


Plot 15 - open rocky slope 
Plot 16 - open rocky slope 


Plots 17 and 18 WNE1/4 NW1/4 Sec. 
. 29 T.24N., R.16W. on road as 
it nears edge of ridge; 
Cornutt soil series 


Plot 17 - flat open rocky area; 
deep red soil 


6 
Plot 18 - flat, with cobbles to 
4"; partially shaded with 
pine needle litter (25%) 


Plots 19 and 20 NW1/4 SE1/4, sec. 
19 T.24N., R.16W. within Area 
9 at edge of road adjacent to 
permanent plot 8 (Huse Soil 
Series 


Plot 19 - open area; gravelly 
soil 


Plot 20 - open area; gravelly 
soil 


| 
October 26, 1985 May 10, 1986 May 18, 1986 July 12, 1986 
‘ 
Planted 100 seed no seedlings —~ no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 
Planted 100 seed no seedlings no seedlings no seedlings 


Visits to seed and transplant establishment plots 


! 


Plot Size = [me 


Plot number, location 


and description 
oo eiptlion 


Plots 21-23 SE)/4 NE1/4, sec. 19 
T.24N., R.16W. Open rocky 
area On northeast-facing 
Slope; approx. 150 feet west 
Of road (Huse Sof} Series) 


Plot 2) - 
Plot 22 - 
Plot 23 - 

Plots 24-28 NW1/4 NE1/4, sec. 19, 
T.24N., R.16W. on edges of 
soil embankment left from 
Soil test pit; Just north of 
spur road running east from 
main road 

Plot 24 ® 
Plot 25 
Plot 26 
Plot 27 
Plot 28 

Plots 29 and 30 NW1/4 NE1/4, sec. 

19, T.24N., R.16W. on lower 


east-facing flank of ridge 
occupied by Population 15. 


Plot 29 
Plot 30 


= 


Visits to seed and transplant establishnent plots ba 
October 26 1985 May 10, 1986 May 18, 1986 July 12, 1986 . 
ech, 1985 a 1985, | ——418, 1986 te, 1986 


Planted 100 Seed 
Planted 100 seed 
Planted 100 seed 


100 seed 
100 seed 
100 seed 
100 seed 
100 seed 


100 seed 
100 seed 





\ 
; 
) 


\ 
‘ 
nO seedlings 
NO seedlings 


NO seedlings 


-_ 


nO seedlings 
NO seedlings 
no seedlings 
no seedlings 


nO seedlings 


nO seedlings 


NO seedlings 


NO seedlings 
NO Seedlings 


NO seedlings 


NO seedlings 
No seedlings” 
NO seedlings 
nO seedlings 


NO seedlings 


NO seedlings 


NO seedlings 


NO seedlings 
no seedlings 


NO seedlings 


NO seedlings 
nO seedlings 
NO seedlings 
NO seedlings 


nO seedlings 


NO seedlings 


No seedlings 


cl 
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Appendix 2 
Vascular Plants Encountered on Red Mountain 
List compiled from personal collections and those of Knight and Knight (1971) 


(Baad's collections deposited at California State University, Sacramento) 
Nomenclature based on Munz and Keck (1970) 














Adiantum coco aiar a leut scum eee ee | Western maiden-hair 
Aqoseris heterophylla- eg eh ae bee su vegt a, SMEs of eras: tx? tot ean eee Annual agoseris 
Allium amplectens . . Mamet beet ei e Sel tan ss T). gh ae Narrow-leaved onion 
Allium bolanderi. ...... | | i CAEP aS ry ay ane eee -Bolander's onion 
pomuteralcMottun: | sauce" SoS Cees SEX Scythe-leaved onion 
SES, CE a, a a a aan - + - . White alder 
Amelanchier enalliatls PS. SoecciuntNe Uela ee ea Service-berry 
ee eect eee Common fiddleneck 
RLS GIELLS oapectt AGE lene a a ee aba Columbine 
Arabis mcdonaldiana. 1... api sthie Pier (otc tatt es. stag McDonald's rock-cress 
Arbutus menziesii . . ON irae PO a, a ee a auto 6 te he. ee Madrone 
Arceuthobium campytopodum YS Sea reat Bevaess eh: es ; Western dwarf mistletoe 
Arctostaphylos canescens. . .. a a ae er ee i Rel Hoary manzanita 
Arctostaphylos SU UML LETIE) vs os Oh se MS Stanford's manzanita 
Arenaria SOUGHAS THe ge ea ts, 5 ake ee ee er Douglas' sandwort 
ee Se eet Ithurial's spear 
Calamagrostis AMES UE 95 co TENS SA ae a ee en Blue joint 
Calocedrus GECURLENS Mey py ip om, watts SES Ce Neene pee ae Incense cedar 
SULIOUNES TE) 5s nn ead Tolmie's star tulip 
eaesdertawtruncata.’, 5% * ot" 1a her, So eee ea ea Rosin weed 
lishs GUILE Cy a og ne Northwestern sedge 
Eee c eee UOC Tonto saee st Dit, SUSERE sh ocastial ot. GA, Mendocino sedge 
Carex phyllomanica..... rh en eat ee Coastal stellate sedge — 
Castilleja RODVEUR COTO. (5. eee Mle Sr sua cI ehie wh ie Wavy-leaved paintbrush 
Ceanothus ECIERLUR GS 82, WBE 5 aa nn ay Deer brush 
Ceanothus BREE as orn nd Re Sa Siskiyou ceanothus 
rete ere rt Coulter thistle 
Clawkiawamoenases-r ) [i i ttt! Meee ole ek oP ly tle Farewell to spring 
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ECNYGINUIUSENYELAGINGUSE. Sete 0 ree, Pe gk Oregon morning-glory 
Bi yp eancnaemslODAKOY The 4). s,s eee lt Milo Baker's cryptantha 
SCE VOUANGNARCONV@VaNG dis) sb hoo. nc te Ge . Torrey's cryptantha 
Cypripedium californicum. ..... see ee es « California-lady's slipper 
Dentaria californica var. sinuata........... -California toothwort 
Dentaria pachystiqma. ............ 2 + « « .Stout-beaked toothwort 
Rims ed VAUCUS temo, ere ee ig eee Meee ee Western rye-grass 
EO UUO UME AUN CUM tee cys) Me tech oot oa, a te ee Minute willow-herb 
PRIORICLYONECALITORNIGUBs: 6! Joes eg) se ee se ee California yerba santa 
Erigeron foliosus var. NAP LWEQS inne A ween pears een eee ee tet eee Leafy daisy 
Erigeron inornatus var. viscidulus......... -California rayless daisy 
SOgONUMEKG SOG ler geee Wee ec PR a Kellogg's eriogonum 
Eriogonum latifolium ssp. nudum. .......... Naked-stemmed eriogonum 
EMICQONUMEV I MINEUM et the H a sae et te eg Wicker eriogonum 
Ey UNCON UcECa DETOPMICUMs Ir: 417 ere. ae. toe et tee California fawn lily 
Eschscholzia californica var. crocea........ Interior california poppy 
Rae cUGGECt a yim errs ert cet, fo, 48 eae ee net Gray's fescue . 
Festuca occidental a ee ees: sh Saber Sal Western fescue 
Galium ambigtum ssp. Sis youense ere ser autour c fallen cave. Gene Yolla bolly bedstraw 
BALEYSRCURTTOL Sti are (er AP ff Bae ttiechbyrd Dwarf silk-tassel 
BRUM LHe HI dasUd | OWemew sued ht vests ss ce sc tate te te ee Salal 
Gentiana Lab (Le merene, 5 iS ea Pett 0 Sree . - . Elegant gentian 
Gilia capitata ssp. staminea...... Me eB eee ees wee, vit ot Poe cs Gilia 
pavenenidnGlecdt Sem ye ee SSS th + « « « Elegant piperia 
pavenal i AmsDanedt Urdu, v.66 os gg a Sparsely flowered bog orchid 
seals COD ABLI ACY Aart ema ee ret Gor.) ee a ee, 8 See Tracy's tarweed 
HEUCNELARMI Gran tiid ween, ct gee tet Se PEGA ater gh , Alum root 
Nlereci um DO lancerl ese Tt ec amicn hee. Bolander's hawkweed 
Hieracium greenei........ SIR stes Eh pee hour ed? sc <6 she ts Greene's hawkweed 
Horkelia tridentata ssp. flavescens .......... Three-toothed horkelia 
A OSMOULCY | Become sete glia s ce ct CM ORR sored ctialis Ba In tet We gies ee ee Purdy's iris 
Juncus effusus var. Bf eRe PEM MCh srg Ae oh 6 eo cdo wuretven a4 cS Bog rush 
DUUCUOmenS TOUS Wee crs re en eS FT SMe Bw Three-stamened rush 
PUNE USED TOTGE Se, memrn. coe ee or ee St Ste sh Ae -Iris-leaved rush 





PU UB DeS Ces armen: Rent. a, oe eek hte oe AD eee LLaGuuLLy 
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EIeneDUSUDICOLGLemeeen st St PF Me st ts Bicolored linanthus 
Linanthus bolanderi.. 2... 0. i ee eae -Bolander's linanthus 
Linum Clevelandii var. petrophilum. .......... Cleveland's dwarf flax 
Pinue Wicranchigee Ss Fe PRS Nr te: Small-flowered dwarf flax 
Bae UCCMMUMmneosmmIOra tame SON S854; Anos < + ped’ y 8 9 OER Tan-bark oak 
Lithophragma affine. ........ eee emia se . . Woodland star 
mh CLES CIDE ULE MRS I al a a Engelmann's lomatium 
Lomatium PECEECALDUMe ST Large-fruited lomatium 
PCA Ue OMEN Ia A Stee Ale ket * el 16 Ame! VOT LOWERS Wooly lomatium 
Lomatium CCL So 1k i ea de la a a ld ha A Tracy's lomatium 





Lotus denticulatus 
Lotus humistratus 














UULEM WV UGE oS oe eae bo er ra - . Little leaf luina 
VETCUSUS URCCNS RIG: 1) EEE ea gS I ae il eect Lyall's lupine 
EnEUPAGCOMOSALSEe Se0+ CMON NINE + = tte, SRO eee .Common wood-rush 
cL) CHINES GS 4 sd ee i A ae ai Small madia 
Melica geyeri ... Wome os es hee eh es eee tan Geyer's onion-grass 
Microseris douglas{i. + fe ewes AE FE BESS REE Ses Cae aa Douglas's microseris 
Mimulus kelloggii.... 2... eee ehre pick oe tak! a Kellogg's monkey-flower 
Narthecium californicum......... et Maggies California bog-asphodel 
Navarretia intertexta........... - + « « ».Needle-leaved navarretia 
Nemacladus capillaris.......... Seni amp obs soca ge atet ee Common nemacladus 
Nemophila menziesii ....... CF Be OSE RY Fh eee en Baby blue-eyes 
Nemopingerpanyi fiona BEeeee kt Small-flowered primrose 
Oenothera graciliflora...........2.... Slender-flowered primrose 
Onobanchesfascitulata< + .++444%5 5% - + - . . Clustered broomrape 
Parnassia palustris var. californica. ..... California grass-of-parnassus 
Pedicularis densiflora. ..... MOMENTS Ms Oh Shee, van ice |e Indian warrior 
Phacelia CORYNOOS Siete the Metre tA ess. Serpentine phacelia 
SUL TAI CCTIE bei aby ORIG, Aen 1) ah Kaweah phacelia 
FADUSEeTITeY1s 20s. 2, Sate Sarees ta ge ee ee Jeffrey pine 
ALU) EUTTRACUE ca veep tibet Get 2) a0 gee ec ra a Sugar pine 
Pt Ss BDODUE TO Sater. kot ORM feo. A) Fo Me Ae -Ponderosa pine 
mAgmbathrysenothotulvuss. aryl, see tk, hil: Rusty popcorn flower 


Polygala californica. .. BFE oh kT en at oe California milkwort 
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Pd ygonum spergquiariaeforme ........ “ye « «© © © «© © « Spurry knotweed 
Pseudotsuga menziesii... 2.2. 2 ee ee ew tw ww we wt we ee es Douglas fir 


Quercus chrysolepis . . 2... 2 2 2 ee oe © ow © © oo @ © Canyon live oak 


Quercus skeltoagid-@ gal of of GW. . leh Fh cue caries Werte “s. t eure oO lack, Oak 
DUBTEUSEVACCINITOTIA,s co oon cues ue fe + +) Site emteliva + -ou wakes dels JHUCKLEDErhy00 K 


Rhammus californica ......+..«-«-+-« «eee california coffeeberry 





Rnododendron occidentalis .. 4. . .Wiadeems 1. ape Pe woe Western azalea 
Rigiopappus leptocladus .......... chee st cate cba rel canary. « Rigiopappus 
schoenolirion album... 1... 2.222 ee eee White-flowered Schoenolirion 
Dir DUST ORAN 1 GG Mem fini ems Fal ce eivelis) ai fet ees .e Pats Fringed bulrush 
Sedum laxum ssp. eastwoodiae. ..... Shh Aioh fe chet Mott othe SMe we ae fe OLONECTOD 
Sedum spathulifolium. ..... 2.22 eee eee - - « » « Pacific stonecrop 


Sedum stenopetalum ssp. radiatum. ........ . . -Star-fruited stonecrop 
Selaginella wallacei. .........+.-.+.++.... . Wallace's selaginella 


Silene campanulata ssp. campanulata........... Campanulate campion 
sitanion hystrix, . 2. 2 2 1 se ewe - + « « « »BOottle-brush squirrel-tail 
SLAGHYS FIGIGaySSPeal101da.~ 6 Miele, + of 0)! epefusl a ete eh ers Rigid hedge nettle 
Synthyris reniformis-var. cordata.........-2-- . . « « Snowqueen 


Trifolium dichotomum. .....:.......... « -Branched Indian clover 
PREEGIMURETUCAGUER. Bir iteicllss focus cs etre: Tose emabes Stadicekec ae «OUT, C Lover 
Trifolium eriocephalum. ........-.-. +--+ « -Woolly-headed clover 
MDG It Pewsiaa Ca ATOVTACAS cores 5. o's Bet miei ass ons Le ued ARO or et he ty, eres er fee BAY 
VACCINIUM PatViTOlIUMpI! ...) Gs ou. lve sme es shes sue) oS aRed huckleberry 


Vicia americana var. truncata... 1... +. 22 25 2 ee eee American vetch 
WrvOlaecunedla © 0 Wh weed oh ioe 6 tote  Fongrees het . Wedge-leaved violet 
Whippleaemodesta. F. Risse. onl + ote alee use "5 6 CLS MEPS Jie « i Yerba de selva 
Xerophyllum tenax........ Fe Sees. . . . . .Western turkey-beard 


Zigadenus micranthus. . . 2. 2. 22 ee 2 ee ee ee Small-flowered zigadene 
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LOCATION DANN wis Fog a oes CA 


REVISED DRAFT rahe 
RD: CAR 
5/87 


MLRA:S “f 
DANN SERIES : ( 


The Dann series consists of moderately deep, well drained soils 


formed in material weathered from ultramafic intrusive rocks. 


e 


Dann soils are on mountains and have slopes of 5 ta 7S percent. 


The mean annual precipitation is about 65 inches and the mean 


annual air temperature is about SS deoraes F. 
q 
TAXONOMIC CLASS: clayey-skeletal, QAXldic, mesic Typic 


Xerochrepts. 


TYFICAL FEDON: Dann very cobbly clay loam - on a west facing 
convex slope of 10 percent under sugar Pine, ponderosa pine and 
manzanita, at 4070 feet eGelevation. (Colors are for dry soil 
unless otherwise stated. When described on May 22, 1980 the soil 


WaS moist below 10 inches), 


Re aa aa) oe inches; reddish brown (ecJYR 2/4) very cabbly 


Clay loam, dusky red c1ofR 3/3) moist; strong very fine and fine 
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granular structure; soft, very friable, Sligh 
slightly plastic; many very fine and fine, an 
roots; many very fine interstitial pores; § p 


7Smm), 3O percent cobbles (7.5-25cm) and 10-p 


tly sticky and 
d comman medium 
ercent pebbles (2- 


ercent stones (25- 


40 
— Ziem); Slightly acid (pH 6.4)3 abrupt wavy boundary. ¢3 to 


/ Ginches thick) 


Bwl -- S to 21 inches;: strong brown (7.5 


stony clay loam, dark brown (7.SYR 4/4) moist 
granular structure; soft, very friable, stick 
Plastic; many very fine and fine and common in 
fine interstitial Pores; S percent pebblas (2 
cobbles (7.5-2Scem) and So Percent stones (25- 


6-8); clear irregular boundary. (10 to 21 in 


ois 


\ 
BW Zt to 21 inches; strong brown (7. 


stony clay loam; dark brown (7.5YR 4/4) moist 
subangular blocky structure; soft, very friab 
slightly plastic; common fine and medium root 
interstitial Pores; 10 percent greenish gray 


with black (N 2/0) and strong brown (7.5YR S/ 


YR 5/6) extremely 
5 weak very fin’ 

y and slightly 
edium roots; nany 
Pama LS percent 
6fcm); neutral (pH 


ches thick) 


SYR S/6) extremely 
; Weak fine 

le, eens and 

S; common very fine 
(SGY 46/1) saprolite 


8) stains along 


eS 


fractures; S percent Pebbles (2-75mm), 15 percent cobbles (7.5- 


2Scm) and SO percent stones =S5-é6fcm);3 neutral (Oho 7. OP s habrupt 


irregular boundary. (7 to 14 inches thick) 


Bel. tO 60 inches; variegated reddish 


and greenish gray (SGY 6/1) Hard, fractured, 


ay 


yellow (7.5YR 7/8) 


slightly weathered 
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Pperidotite; Marv Black (N 3/0) stains within Fractures that are 1} 


to 2mm and 3 to 10cm: apart. 


“TYPE LOCATION: Mendocino County, California: fram UPS? Hwy 101 
frontage road south Of Reynolds, turn on Red Mountain Rec wes road 
and head about 4.5 miles to Cat Track road, head 3-3 miles to 
quarry, 10 feet west of rOads; 2150 feet south and 1800 feet west 
of the northeast corner ey sec. 19, T.24N., R.16W.: Leggett 


¢ 
Quadrangle. 


RANGE IN CHARACTERISTICS: Depth te a lithic Contact and 
thickness of the solum ranges from 20 to 40 inches. The mean 
annual 3011 temperature ranges from S53 to 57 degrees F. The soil 


between a depth of 10 and 35 inches or to a lithic contact, 


whichever is shallower, is m@ist in all parts from November 1 to 
June 1 and is. dry in all Parts from July 15 to October 1 in most 
years. Base saturation (sum) ranges from Sm to 7S percent 

throughout the Profile. 25 to 40 percent of the soil surface is 
covered with cobbles and S to 15 percent is covered with stones. 


40 percent Clay, 


a 


The particle-size control section averages TS t: 


Reaction is Slightly acid or neutral throughout the Srorile: 


The A horizon is 2.5YR 4/4, 5/4 or SYR S/4.0 moist color is 10R 
3/3, 3/4: 2.5VR of/4 ar S/4,. Clay content ranges from 37 to 3S 
Percent. Gravel content La 2 £6 10 perce ae cobble comtent is 25 
CO ey Percent, and stone content is 5 to 15 percent. Total 


coarse fragment content is 235 to 60 percent. 
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The Bw horizon is 7.5YR 4/6, 5/4, ~/&, &/& or SYR 5/4, Moist 
color is 7.S5YR 4/4, 4/6; SYR 4/4, 4/4; =. SY 2/4 or 2/6. It is 
very stony clay loam, extremely stony Clay loam or very stony 
Clay with 35 to so percent clay. Total coarsa fragment content 
is 35 to 70 percent. Gravel content is 2 to 10 percent, cobble 
content is 15 to 45 Percent, and sane content is 25 to 60 
percent. } 


¢ 


COMPETING SERIES: There are no other series in the same family. 


GEOGRAPHIC SETTING: Dann SOiisS are on mountains. Slopes are §& 
to 75 percent. Elevations are 2000 to 4100 feet. Dann soils 


formed in material weathered from ultramafic intrusive rocks. 
ee 


aot 


The climate is subhumid with hot dry summers and cool moist 

\ 
winters. Mesn annual erecipitation is 6G to 7% inches with 
occasional snowfall. Mean January temperature is about 435 
degrees F.:; mean July temperature is about 66 degrees F.: and the 


mean annual temperature is about JS degrees F. The frost-free 


season is 150 to 250 days. 


GEOGRAPHICALLY ASSOCIATED SOILS: These are the Casabonne, 
Hiltabidel (T), Hollowtree (TY, Holohan (T), and Littlered soils. 
Casabonne, Hollowtree and Holohan SO1ls formed from sandstone. 
They occur on the mountains surrounding the ultramafic rock 


INEtrusian on which Dann, Hiltabidel and Litlered soils formed. 


Hiltabidel and Holohan SOils are greater than.40 inches deep to a 
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lithic coontact. Casabonne sOils are greater than 40 inches deep 


to a paralithic contact. Littlered soils are less than 20 inches 


“~~ deep to a lithic contact, Hollowtree soils have argillic 


}-— -. horizons and have mixed mineralogy. _. ee RS tere Ty i au 


DRAINAGE AND FERMEABILITY: Well drained, surface runoff under 





bare soil conditions is medium through very rapid; moderately 





slow permeability. 


( 


USE AND VEGETATION: This soil is used for wildlife and 

. z Tt" 
watershed. Vegetation consists of Sugar pine, ponderosa pine, 
incense cedar, Jeffrey ‘pine, Manzanita, bracken fern, buckwheat, 


if 
Silene spp. and stonecrop. Chemical characteristics, PNcluciniy, a 


low calcium to magnesium ratio restrict plant jrawth and 


ao 
-< 


influence sfécies composition. 


\ 


DISTRIBUTION AND EXTENT: Mendocino County, California, Red 


Mountain area. This series is not extensive. 


\ 
SERIES FROFOSED: Mendocino County, Western Fart, California, 


1981. Source of the name is Dann Creek. 


REMARKS: Diagnostic horizons and features recognized in this 


soil: 


1, Ochric epipedon -- © to & inches ‘A, ranges from 7 to & 


inches thick 
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=.  Cambic horizon -- 5§ to SI inches (Bwl, Bw), ranges from i7 
to 25 inches thick. Higher ei ae content than averlying horizon 
but no evidence of illuviation. Clay content by field estimate: 
Bwi = 28 percent, Bw2 = 38 percent. Base saturation is 84 


percent (ammonium acetate) 


 s. Lithic contact -~ hard Peridotite at 31 inches. Range in 
={ . 

depth to bedrock is 20 to 40 inches. Rock does not slake in 

water. 


4. Particle-size class -- clayey-skeletal. Farticle-size 
control section, 10 to 31 inches, contains 70 Percent rock 
fragments and 78 Percent clay (field estimate) 

El Sarin eG) ao acuce and temperature -- assumed to be xeric and 
mesic based on temperature and moisture studies in the area under 


Similar vegetation and similar elevations 


aa 


Gs Mineralogy -- oxidic. Dithionite-citrate extractable iron: 7 
\ 
Bwl = 70.4 Percent;. Bw2 = 19.6 percent 


7a iLncola lab samples 817284, 817265, 821748-821750 


National Cooperative Soil Survey 


U.S.A. 
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PRELIMINARY 


LOCATION HILTABIDEL 412/786 CCA 

Tentative Series 

IRD: CAR | oi ehh Ee eh MAR TD 4 lo, i 2 ie tee Re AM CU Se hang OR Oe 
12/86 : 

MLRA: § 


HILTABIDEL SERIES 


The Hiltabidel series consists of shallow, well drained 
soils formed in material weathered from ultrabasic intrusive 
rocks. Hiltabidel soils are on mountains and Nave slopes of 
S to 75 percent. The mean annual precipitation is about 65 
inches and the mean annual air temperatura is about S5 
degrees F. 


( 
TAXONOMIC CLASS: loamy-skeletal, Oxidic, nonacid, mesic 
Lithic Xerorthents. 


TYPICAL FPEDON: Hiltabidel very stony clay loam - on a 
southwest facing slope of 58 percent under knobcone pine and 
manzanita at 3,820 feet slevation. (Colors are for dry soil 


ynless otherwise ¢tated. When described May 22, 1980, the 
sOil was moist throughout. ) 


O--1/2 inch to O; litter of knobcone pine and manzanita 
leaves and-twigs. 


Al-rOs tosis inches; reddish brown (SYR 4/4) very stony 
Clay loam, dark reddish brown (2.5YR 3/4) moist; moderate 
very fine and-fine granular Structure; soft, very friable, 
Slightly sticky and Slightly plastic; many very fine and 
fine and common medium roots; many very fine and fine 
interstitial Pores; 30 percent cobbles (8-25cm), 20 percent 
Stones (25-40cm): neutral (pH 6. 7)se0nradual irregular 
boundary. 


ALAS oY 17. inches; reddish brawn (SYR 4/4) extremely 
Stony clay loam, dark reddish brown (2.S5YR 3/74) moist; 
Moderate very fine granular structures; soft, very friable, 
Slightly sticky and slightly plastics common medium and fine 
and very few fine roots; many very fine and fine 
interstitial Pores; 20 percent cobbles (8-25cm), SS percent 
stones (25-460cm); neutral (pH 6.7)3 abrupt irregular 
boundary. 


R--17 inches; variegated reddish yellow (7.5YR 7/8) and 
gray (SY S/1, 6/1) hard, fractured peridotite; many black (N 
2/0) magnetite and manganese stains within fractures that 
are 1 to 2mm wide and 3 to 10cm apart, in random 
Orientation. 
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4 
TYPE LOACTION: Mendocino County Californias. about 1,400 
feet south and 7,200 feet west of the norhteast corner sec. 
19, T.24N., R.14W., MDBM, Nobles Butte Quadrangle. 


RANGE IN CHARACTERISTICS: Depth to lithic contact is 10 to 

20 inches. The mean annual soil temperature ranges from Sz 
to 37 degrees F. The SOil between a depth of 8 inches and 
bedrock is moist in all Parts from November 1 to June 1 and 

is dry in all parts from July 15 through October 1 in most 
years. There are 20 to 50 percent cobbles and 10 to 40 . 
percent stones on the soil surface. Base saturation (HACH) 
ranges from 70 to 95 percent throughout. Reaction is 
Slightly acid or neutral throughout. 


The A horizon is 2.5YR 3/4, 4/43 SYR 4/2 or 4/4. Moist 
color is 10R 3/4: 2.SYR 3/4 or 4/4, It is very stony or 
extremely stony clay loam. Clay content ranges from 27 to 
35 percent. Cobble content ranges from 15 to 45 percent and 
stone content ranges from 20 to SS percent .7OTotals codrsee 
fragment content ranges from 35 to 80 percent. 


COMPETING SERIES: There are no series in the same family. 
The Dann and Littlered series are closely related. The Dann 
series is 20 to 40 inches deep to a lithic contact. 
Littlered soils are very deep. 


GEOGRAPHIC SETTING: Hiltabidel soils are on mountains. | 
Slopes “are 5 to 75 pertent. Elevations are 2,000 to 4,100 
feet. The soils formed in material weatherd from ultrabasic 
intrusive rocks. The climate is subhumid with hot dry 
summers and cool moist winters. The mean annual 
Precipitation ranges from 60 to 70 inches with occasional 
snowfall. Mean January temperature is about 45 degrees F., 
mean July temperature is about 66 degrees F., and the mean 
annual temperature is about 55 degrees F. The frost-free 
season is 150 to 250 days. 


GEOGRAFHICALLY ASSOCIATED SOILS: These are the closely 
related Dann and Littlered soils and the Casabonne, 
Hollowtree and Holohan series. Casabonne, Hollowtree and 

- Holohan soils formed from Sandstone that surrounds the 
Ultrabasic rocks from which Hiltabidel soils were formed. 
Casabonne soils are fine-loamy. Hollowtree and Holohan 
SOils have mixed mineralogy and are greater than 20 inches” 
deep. 


DRAINAGE AND FERMEABILITY: Well drained, surface runofs 
under bare soil conditions is mecium through very rapid; 
moderate permeability. 


USE AND VEGETATION: This s0il is used as wildlifsa habitat 
and as watershed. Vegetation consists of knobcone pine, 
incense cedar, manzanita and ceanothus. © Chemical 
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Characteristics includin 
restrict plant grawth an 


DISTRIBUTION AND EXTENT: 
series is not extensive. 


SERIES FROPOSED: Mendoc 
part, 1986. Soil name i 


REMARKS: Diagnostic hor 


1. Ochric epipedon - 0 
- Mineralogy - Oxidic 
extractable Fe. Clay 
- Reaction class - ron 
6.1 to 7.3 throughou 
4. Many areas of Hiltab 
Huse series in the W 
Vegetation of the Me 
State Cooperative So 


National Cooperative Soi 
U.S.A. - 





=| 
9 &@ low calcium to magnesium ratio, 
d’influence species composition. 


Northern coastal California. The 


ino County, California, Western 
s from Hiltabidel Opening. 


1zons and features recognized: 


to 17 inches (A1, A2) 

10.3 percent dithonite-citrate 
percentage = 25 

acid. Reaction ranges from 

[. 

idel soils were mapped as 
ildland Soils and Associated 

ndocino County California By the 
il Vegetation Survey 1947-1950, 


1 Survey 
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LOCATION LITTLERED ; 12/86 CA 

Tentative Series 

IRD: CAR 

12/86 ° 
MLRA:S 


LITTLERED SERIES 

The Littlered series consists sf very deep, well drained . 
sOils that formed in material weathered from ultrabasic 
intrusive rocks. Littlered soils are on mountsins and have 
slopes of 2 to 30 percent. The mean annual precipitation is 
about 45 inches and the mean annual air temperature is about 
SS degrees F. 


TAXONOMIC CLASS: Clayay, ferritic, mesic Xeric 
Haplohumults. 


TYFICAL FEDON: Littlered Clay laam - on a northwest facing 
slope of 10 percent under ponderosa and sugar pine’ at’ 2, 720 
feet elavation. (Colors are far dry soil unless otherwise 
stated. When described on May 21, ifBO, the soil was moist 
below if inchsas.) 

Sire nen to OF “dark edt (2. SYRO 2735 tlay loam, dusky 
red (1OR 344) moist;. strong very fine jranular structure; 
soft, friable, slightly sticky and slightly Plastic; many 
very fine and fine and, common medium roots; many very fine 
interstitial pores; S percent cobbles (8-?75Scem) and 2 percent 
stones (25-TSém) neutral (pH 7.97335 abrupt irregular 
boundary. (J to iS inches’ thick) 


cent tO 1D inehes: dart red (2.5VR 274) clay loam, 
dusky rad (10R 3/4) moist; streang very fine granular 
structure; saft, friable, Srigntiv sch) ania slightly 


ia) 
a) 
O ow 


Plastic; many very fine and fine ToONMOn Medium caots; 
many very fine interstitial Bares; 3 percent cobbles (8- 
onl — 


“Sem) and 2 percent stones (25-Z5cm) meutral (pH 7.0); 
abrupt irregular Doundary. {> to tS inches thick) 


Bt—=10 tol ee6-i nches® yellowish red (SYR S/S) clay loam, 
dark reddish brown (SYR 3/4) moist; weak fine granular 
structure; soft, friable, sticky and Slightly plastic: 
common medium and few fine roots; many very fine 
interstitial pores; faw thin Clay films on peds and in 
Pores; 3S percent cobbles (8-25cm) and 2 percent stones (25- 
sSem); mildly alkaline (pr 7) Ss abrupt wavy boundary. (t2 to 
20 inches thick) 


C-=26 to 45 inches; strong Orauwn (7.SVR 5/8) loam, 
strong brown (7.5YR 4/6) moist with many Black (N2/@) 
manganese stains on peds and in Pores; weak, fine subangular 
Blocky structure; soft, friable, sticky and Slight! y 
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plastic; few medium roots; many very fine interstitial 
pores; S percent cobbles (@-25cm) and 2 percent stones (25- 
35cm); mildly alkaline (pH 7.5). (20 to 50 inches deep) 


TYPE LOCATION: Mendocino County California; about 1,500 ag 
feet south and 4600 feet west of the northeast corner of sac. 
6, T.25N., R.16W., MDBM, Leggett quadrangle. 


RANGE IN CHARACTERISTICS: Depth to bedrock is ore@ater than 
60 inches. Organic carbon content in tha upper meter of 
soil averages 0.8 t9 1.0 pereant. The mean annual soil 
temperature ranges from SZ to 57 degrees F. The soil 
between the depths of 4 and 10 inches is mOLSt in all parts 
from November 1 to June 1 and is dey in all parts from July 
15 to October 1 in most years. Cobble content ranges fram oO 
to 190 percent and stone content ranges from O to S percent 
throughout the profile. 


fa or 4/4, Moist 
ay content 
lightly acid or 


The Avhorizon is 2.SYR 3/4, 25, 4/4; SYR 4 
cCOlor is 2.S5YR 2/4, 4/4: 10R 3/4 or 4/4. C2 
ranges from 27 to 25 percent. Reaction is 5 
neutral. 


The Bt hofizon is SYR 5/4, 5/4 or 7.5YR 5/6. Moist color is 
SYR ela le Ore /  OYR) 4/4, if 16 clay loam cr clay with a 
Clay content of 35 to 45 percent. Base saturation ranges 
from 5S to 25. percent. Reaction is neutral or mildly 
alkalines” 


The © horizan is SVP SYS; 7.5SYR S/S or 5/8. Moist color is 
SYR 4/6; 7.5YR 4/4 or 4/6. Tt is loam or clay leam with a 
Clay content of 20 to 40 percent. Base saturation ranges 
from 10 to 25 percent. Reaction is neutral or mildly 
alkaline. 


COMPETING SERIES: There are no serias in the same family 
but the Aiken, Dann (T) and Sites series ara closely 
related. Aiken and Sites series hava xldic mineralogy. 
The Dann series is clayeyv-skeletal. 


SEIGRAFHIC SETTING: The Littlered scils occur on mountains. 
Slopes are 2 to TC percent. Sievations are 2,000 to 4, 100 
feet, The soil formed in material weatherad from ultrabasic 
intrusive rocks. The climate is subhumid “och Not rv 
summers and cool moist winters. The mean annual 
Precipitation ranges from 60 to 7O inches with occasional 
snowfall. Mean January temperature is about 45 degrees F.; 
mean July temperature is about 66 degrees F., and the mean 
annual temperature is about 55 degrees F. The frost-free 
season is 150 ta 250 days. 


GEOGRAFHICALLY ASSOCIATED SOILS: These are the Casabonne, 
Dann, Hollowtree, Holohan, and Hiltabidel series, 
Casabonne, Hollowtree and Holohan sOils farmed from 
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sandstone that surrounds the ultrsabasic rocks r-om which 
Dann, Littlead and Hiltabirdel soils wera forinead. Casabonne 
e0ils are fine-loamy. Holohan and Hollewtree scils area 
Ioamy-sk:2zlekal. Gann soils are moderately dea: 3} 
Hiltabidel soils are shallow to lithic contact. 


0 


ana 


DRAINAGE AND FERMEABILITY: Well drained; surface runoff 
under bare soil conditions is slow through rapid, moderate 
permeability. : 


USE AND VEGETATION: This soil is used as wildlife habitat 
and as watershed. Vegetation consists of Jeffrey pine, 
Ponderosa pine, incense cedar, tanoak, ceanothus and 
manzanita. Chemical characteristics, including an axtreamely 
low calcium to magnesium ratio restrict Plant growth and 
influence species compostions. 

¢ 
DISTRIBUTION AND EXTENT: Northern coastal Califernia. The 
series is not extensive. 


SERIES FROFOSED: Mendoacina County, California, Western part 
L9GS. Soil name is from Little Red Mountain. 


REMARES: Diagnostic horizons and features recognized: 


i.) COhriceepipedon — 0 to 10 inches (A) 
Organic carbon content A = 2.7 percent (assumed greater 
than.0.9 percent in upper 6 inches of the argillic 
horizon. 

Tg Argillic horizon -:110 toa 24 inches (Bt) Clay content by 
field estimate A = 28 percent, Et = 25 percent 
C = 30 percent 

3. Base saturation (HACH kit) A = 20 percent, 
Bt = 18 percent, C = 20 percent 

4. Mineralogy - Ferritic - 27 Nercent dithianite - citrate 
extractable Fe. Moderate amount of goethite, small 
amount of hematite NSSL #817287 

Ss Many areas of Littlered soils were mapped as Cornutt 
series in the Wildland Soils and Associated Vegetatian 
Of Mendocina County California, by the State Cooperative 


S0il Vegetation Survey 1947-1950. 


“1 


National Cooperative Soil Survey 
.5.A. 
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